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aiid at a (snifficient distance from the outer edge B to prevent tbe pressure in this point from 
exceeding the limit B'. 

In the case, on the contrary, in yrhich the wall, being of the arched form, transmits the thrust 
F laterally, this force is destroyed by the reaction of the earth, and thus does not combine with 
the weight P. 

It seems from this that, in certain cases, the thickness at the base may bo reduced ; but to 
treat the question thoroughly, we must find the thickness to bo given to a barrage, so that the 
masonry which transmits the thrust laterally shall not bear in any point a pressure greater than 
t}ie limit B'. 

Supjxise A' E B', A" C B", Fig. 2274, to represent a horizontal section at a distance H below 
the top, and the lines W, V' V', the section of the sides of the vallt^y tlirough the same horizontal 
plane. The thrust F of the water in each 
point E' of the inner face A' E B' of the 
wall is normal to this curve. The de- 
termination of the thickness CE to be 
given to the wall offers a close analogy 
to the ordinary problem concerning the 
stability of arches; only the pressures 
upon each voussoir, instead of being 
parallel with each other and equal to 
the weight of this voussoir, are all nor- 
mal to the outer curve A' E B', and equal 
to each other, if we suppose the arch 
divided into equal voussoirs. 

These conditions render the problem 
easier of solution than for the case of an 
ordinary arch, and enable us to find an 
equation which gives at once the depth 
at the crown. 

Admitting that the curve A' E B' is 
an arc of a circle having its centre at 
O, suppose the thickness CE at the 
crown determined by the condition that 
the curve of the pressures passing by the 
point G, the pressure at the nearest ex- 
tremity E shall be equal to the limit B'. 

The curve of the pressures is necessarily 
perpendicular to all the actions of the pressure of the water upon the arch which converge to the 
centre O, and, consequently, this curve is a circle concentric to that which forins the outer face. 

This granted, to ensure the stability of the structure, there must bo equilibrium in the half- 
arch E C L B' between the reaction of the abutment at the point K, the pressures of the water 
between the points E and B', and the reaction B of the half-arch A'HEC. 

This condition of stability leads to tlie following equation ; 

2Mj^F = ExKN, [44] 


22U. 



which expresses the sum of the moments of the thrust of the water with respect to the point K as 
equal to the moment of the reaction B with respect to the same point. 

Let O E = p, O G = p' ; and let the angle E O B' be represented by A, the variable angle 
formed by the direction of any joint C' E' with the radius O B' by a, and the pressure of the water 
to the unit of surface at the depth considered by n. 

The pressure of the water upon an element E' of the facing A'EB' is represented by ftds, or 
by n p d a, since we have d a — pd o. 

The moment with respect to the point K of the elementary pressure F is thus 


ApdaMK = App' sin. ado, 

/ a = A 

App' sin. oda = App' (1 — cos. A). 

Again, K N = p' (1 — cos. A), and, consequently, equation [44] becomes 
A p p' (1 — cos. A) = B p' (1 — cos. A), 


H*5 

or A p =: B. And as A = — ^ » 

A 


B = 


n*p5 


[45] 


The value of B being determined, the thickness E C = may be immediately deduced. 

The pressure to the unit of surface upon the joint E G in the point E, where it is greatest, 
must be equal to the limit B'. This conation is easily expressed by means of formula [10] ; 
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It is saffioient to make a = ~ . P = B, and we obtain — = \ or substituting the value [45] 

o X 


We must remark that a stone structure is capable of resisting as an arch only so long as the 
thickness at the crown is not too great with respect to the radius. The present state of science, 
in the matter of the stability of arches, does not enable us to lay down with mathematical preci- 
sion the limiting value of this relation, but we mav consider as certain that the hy])othoses which 
led us to formula [46] will not be realized if the thickness at the crown exceeds the third of the 

radius. Let us, therefore, take as the limit of x, ^ and calculate the corresponding value 


Formula [46] becomes ^ and we deduce from it 


Making x = 30, and ® = ~, we obtain H = 4*47, whence wfc must conclude that for barrages 

of a height greater than 4™ *47 wo should be obliged to adojit a thickness at the crown much too 
great with respect to the dimensions of the radius to allow the materials to resist as an arch. 

Maximum Breadth of the Profile at the Base in Narrow ia//c//s. — In the case of narrow valleys, the 
retaining wall of a barrage is built into the rocks on each side, and this circumstance allows us to 
adopt a thickness somewhat less than that required when the wall resists by its own weight only. 

It is evident that the walls of a reservoir need never possess a thickness greater than the breadth 
of the valley at the height considered. 

Let V V' V V', Fig. 2275, be the section of the sides of the valley. A B C D is the horizontal 
section of a wall having a thickness D B equal to the breadth A B of the valley at the height 
considered ; trace the diagonals AD, C B, of the 
square A B C D. A barrage composed of the tri- 
angles A O B, COD, would be sufficient to resist 
the pressure of the water ; indeed, the thrust being 
at each point directed perpendicularly to the sur- 
face pressed, we see that all the forces, such as 
F, F', F", pressing against the face A B will meet 
the rock between the point D and the point B, 
and that their action wul be destroyed by the re- 
sistance of this rock. It will be the same with 
respect to the forces applied to A 0. 

Practically, we must suppose the triangle 
A O B filled with masonry to support the upper 
portion of the barrage, which, corresponding to 
a greater breadth in the valley, has been con- 
structed to resist by its weight the action of the 
water. But the barrage formed by the square 
A B C D will evidently resist as well as that 
formed by the two triangles AGO, BOD; the 
part A OB will act like a wedge designed to 
transmit the pressure exerted u|)on the face A B 
perpendicularly to the diagonals AO and OB. 

The resultant P of the actions of the thrust upon 
the face A B is resolved into two forces P' and P" 
normal to the diagonals 0 B, A O, which produce 
upon these faces the same action as that exerted 
by the direct thrust of the water in the case in 
which the triangle A O B is supposed removed. 

We see from the foregoing considerations that a wall having the thickness of the valley to be 
barred will transmit directly to the sides of the valley the horizontal actions of the thrust of the 
water, and that it will thus run no risk of being overthrown. But to ensure the stability of the 
structure in a satisfactory manner from the point of view of thci resistance of the materials, the thrust 
of the water must in no mint give rise to a pressure greater than R'. 

The height which a barrage may have without exceeding the limits of this condition is easily 
determined. The pressure exerted to the unit of surface on the face A B is represented by H 5 ♦ 
this pressure gives rise to two forces perfiendicular to the diagonals C B A B or to the surface of 

the rocks arranged in gradations parallel to these diagonals the value of which is — . To 

/s/2 

ensure this stability, this pressure must be equal at the most to R' = x8', and, consequently, we 
ought to have ^ = X5'; whence H = ~ V2. Admitting as before, x = 30, 9 = ^ , we obtain 
H = 84*852. Hence we conclude that so long as the height of the barrage does not exceed 
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84’“*852, it is not necessary to give it a thickness greater than the breadth of the valley to enable 
it to resist the action of the water. As barrages never reach this height, we may conclude in a 
general manner that the wall of a reservoir will always be capable of resisting the action of the 
water, if at all points it possesses a thickness equal to the breadth of the valley. 

To determine a Profile for a Valleif of qiven Dimensions . — If it be wished to apply to a valley of a 
determinate breadth, a profile calculated according to the conditions laid down in the eaily portion 
of these remarks, its thickness may bo reduced when it reaches a value equal to the breadth of 
the valley. The height beyond which the thickness cannot be calculated according to those cons 
ditions may be determined by a very simple geometrical construction. Thus, Fig. 2276, draw 
perpendicularly to the right line O O' the breadths O B", A'B', A B, C' D', C D, of tlie barrage con- 
sidered at the various heights, and draw also the breadths O S, M' N, W N, P' P, Q' Q, of the valley. 
Join the points B", B', B', L)', D, which are the extremities of the first perpendiculars; join in 
like manner the extremities of the S, M, N, P, etc., of the second series of perpendiculars. The 
distance T T' from the point T, where these two lines meet at the top of the barrage, will be the 
height sought. 

By giving to the barrage from the height T T' a thickness T T' equal to the breadth of the 
valley at this point, wo shall ensure its being capable of resisting the acti<m of the water. At the 
lower part there will be an excess of section, since the breadth of the valley decreases, and since it 
is sufficient for the wall to have in every point a thickness equal to this breadth. 

But it will also be necessary to see that the vertical forces which continue to be transmitted 
to the foundations do not, in any point, produce a pressure to the unit of surface greater than tlio 
limit B'. This consideration will require an increase in the thickness of the wall from the point T, 
but it will be less considerable than in the case in which the wall resists by its own weight, because 
the thrust F, being destroyed by the lateral resistance of the abutments, will not have the effect 
of driving the imint of application K of the vertical force upon the base towards the outer edge A\ 
as in the case of Fig. 2272, for example. 



The dimensions of the lower portion of the profile may be calculated by the following consi- 
derations Let M N, Fig. 2277, be the horizontal plane passing through the height just determined ; 
let M N = 6, M H = A', s 8' the weight of the upper portion C D M N of the barrage, s' 5 the weight 
of the water acting upon the inclined surface M B, a the distance at the point M from the centre 
of gravity of the portion C D M N, and /3 the distance at the point N from the vertical resultant of 
the actions of the weight of the masonry and of the water upon the face MB. We will take as 
unknown B' H and L A' = s:. 

The question may be solved in the same way as those which we have already treated, namely, 
by expressing the pressure to the unit of surface at the points A' and B', according as the reservoir 
is fuller empty, as equal to the limit The equations of the problem will still be the expressions 
* / ^ u\ P 2 P 

[91 and riOl, 2(2— — = x, - = A, in which we must substitute for the quantities 

\ I J I 3 w 8 

P, f, M, their values as functions of the data of the question. 

Considering, in the first place, the case in which the reservoir is full, we have 


P= s8' + 


Making, for greater convenience, 

« + s' ® + 6 A' = O’, and 2 A -b A' = I* = [2 o' -h A' ar + y (7i' + 


Again, w = A K = a? -f L K. . , « i. x 

The value of L K is found by expressing the moment of the whole weight P, with respect to 
the point N, as equal to the sum of the moments of the vortical forces composing it. 

4 c 2 


SALAR JUNG HAHADUfl 

li j n 



1156 


DAMMINa 


V>h’ 

Making (» + s’®) /J + = n", we thus obtain 

_ (2 A' + 3A'«) y* + 6 (A’+ + 4 A'x» + 66 (A' + H'«) y + 12<r'x + 12/' 

■ 6(2<r'>A'* + y (A' + H'«) 

Substituting this value of u as well as those of P and / = 6 + a? + y in [9] and [10], we obtain 
the following equations ; — 


2a 

!/* + 4A 

xy + 2a 

-H'a 

+ 2H'a 

- 24' 

- 2 4' 


24'a 

y* + 64'A 

X y + 4 4' A 

+ 3H'aA 

+ 6 H' a A 

-2 4'* 

-4H'4'a 

-4H'4'a 


- 2H'*e* 

- 4 4'* 


- 24'* 




a?* •4’ 4 6 X 
•f 

+ 264' 
-8<r' 


- S^r'A' 

- 8H'0ir' 


! !/ + 46a 

X + 2 A 6* ] 

i - 464' 

+ 12iu" 

+ 4 a' 

-8a'6 1 

1 y + 12 A a' 

1 - 8 4' 0^ 

X + 12 /i" A \ 
— 8 a' 1 


= 0. [48] 


= 0. [49] 


The first or the second of these equations will be required according as u is greater or less than 

6 + jr + // 



2279. 


The pressure to the unit of surface at the point B' when the reservoir is empty, which pressure 
is equal to the limit remains to be expressed. The equations expressing this condition differ in 
nothing from those numbered [30] 
and [31]. Combining one of these 
two equations with one of the equa- 
tions [48] and [49], we may deter- 
mine the unknown x and ?/. 

Having determined by the pre- 
ceding conditions the lower portion 
M N B' A' of the profile, we shall be 
sure that the pressure to the unit of 
surface in A' or B', according as the 
reservoir is full or empty, will be 
equal to the limit B', and that at the 
same time the pressure at the corre- 
sponding points a' and 6' of the same 
horizontal section will be les.s than this limit. The cube of the masonry may be detcrmin(‘d by 
dividing the surface M N B' A' into a certain number of zones, such as M N, m' n', m" n", and so on, anil 
calculating the lengths m' K\ V n\ in!* 4", r and so on, Fig. 2278, to the condition that the pressures 
at the points m! n\ m” n", shall be equal to the limit adopted. The preceding formula) wdll serve to 
solve this question; it will be sufficient to suppose that H', instead of offering the height M H, is 
equal to the height M h! of the sections. 

If a graduated facing be employed in the upper portion, it will be well to employ the same 
system in the lower portion. Fig. 2279. 

The calculations are made in exactly the same way as those which we have developed, always 
denoting the edge of the outer gradations by x, and that of the inner gradations by y. The equa- 
tions [48], [49], [30], and [31], are replaced by the following; — 



1 1 

y* + 2A 
- 2 4' 

+ 24a 

xy + A 
-4' 

x* + 26a 
+ 264' 

+ 264a 
-4 a' 

y + 26 A 
+ 2 a' 

- 464' 

34'A 
+ 34aA 
-44* a* 

- 844'a 
-44'* 

y* + 64'A 
+ 64aA 
+ 844'a 
- 8 4'* 

X y + 3 A 4' 
-4 4'* 

x* + 664'A 
+ 664eA 

- 8 a' 4 a 

- 8 a' 4' 

y + 6 A a' 

- 8 4'<r 

A 

-4' 

y* + 2A 
-24' 

xy + A 
- 4' 

1 

X* + 2 a 
+ 26 a 1 

- 464' 1 

1 y + 26 A 
-4a 

1 + 264' 

34'A 1 
- 4 4'* 1 

?y*4-6A4' 1 
- 8 4'* 1 

X y + 3 4' A 1 
1 -44'* 1 

' X* + 6 A a 1 

-84'a 1 

1 y + 6 6 4' A I 
-84'(r 1 


X + X6* 

- 46x' 


X + C A /u" 
-4 a'* 


X + a6* 

+ fi/ii' 

— 4 6 a 


= 0. [30] 


= 0. [51] 


= 0. [41] 


X + 6 A ju' \ 

- 4 a 


} = 0. [42] 


Application of the Theory to the Calculation of Various Profiles of Dams * — To render more complete 
the theoretical considerations which we have developed above, we have applied them to the deter- 
mination of the profile of a barrage 50 metres in height and unlimited in length, and of that of the 
barrage of the Furens which dams the valley at a point where it is only 7 metres broad at ttie bottom. 

In these calculations we have supposed that the density of water l^ing equal 1000, that of the 
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masonrj vonld be equal to 2000, so that we have S = 2000, 8 = lOOOi 0 = ^ In ohoosiog the limit 

B' for the pressure to the unit of surface on the masonry and on the soii of the foundations, we 
were led to adopt 6 kilogrammee to the square centimetre, or 60,000 kilogrammes to the square 
metre, so that in these calculations we have R' = 60,000 and x = 30. By admitting this limit, we 
siiall keep within the conditions of stability. The walls of the barrage oi Bosmeleac, to which 
we have before alluded, and ot Clomel on the canal from Nantes tc Brest, support, in certain points 
a pressure greater than 6 kilogrammes to the square centimetre, and these structures are in a state 
of perfect preservation. 

Profiles with Inchned Facings apphea to 'Walls of 50 metres in heAght. — In the first place, wo 
determined two profiles ior valleys of, great breadth by means ot the calculations developed in the 
early portion of these considerations. These profiles are represented by Figs. 2240 and 2280, To 
the former of these we have already called attention when speaking of the barrage of the Furens. 

By means of the equations [16] ahd [18] we first determined the height C A, Fig. 2280, through* 
out which the inner face might be vertical, and the corresponding breadth A B. We then admitted 
that the lower portion of the barrage should terminate m two 
inclined facings A A , B B', and the dimensions of this jwrtion of 
the structure were determined by means of the equations [28] 
and [30]. The barrage thus constructed possesses this property, 
namely, the pressure to the unit of surface in the points A, B, A', 

B', is ecjual to 6 kilogrammes to the square centimetre, but less 
than this limit for any horizontal section, such as m w, other than 
A B, and A’ B'. Thus the pressure at the point n in the hori- 
zontal plane passing through the middle of 0 A, is equal to only 
to the square centimetre. 

The profile of Fig. 2240 is constructed in accordance with 
more economical conditions. We have supposed each of the por- 
tions CUBA, ABA B', into which the profile is necessarily 
sul)dividcd, itself divided into two portions. The dimensions of 
the portion 0 D m n wore determined by means of equation [22], 
equal to 12*00. The breadth m n having been calculated, the dimensions of the part 7n w A B were 
found by means of the equations [17] and [19]. To construct the lower portion A m' A' B' n'B, the 
height of 24 metres which it possesses was supposed divided into two equal portions, end recourse 
was had to the equations [29] and [31] to determine successively the breadths m' 7i' and A' B'. 

A profile so deWmined incurs a pressure equal to the limit IV only through the sections 7n n, 
A B, m' n* A' B' ; for all other sections this pressure is less than 6 kilogrammes to the square centi- 
metre, as may bo seen in Table A, columns 11 and 12 containing the pressures when full and when 
empty upon sections taken at every 2 metres from the top. We may remark that tlio pressures 
when full are, in the upper portion, far from reaching this limit ; this will not bo surprising when 
it is borne in mind that the theoretical profile ought to have a thickness iiul at the suramit, whilst 
we have been led to give it a breadth of 5 metres. The curves of the pressures when full and 
when empty are described on Fig. 2240; Z X X X is the curve relative to the case in which the 
reservoir is full, and Z Y Y Y is the curve when empty. The abscissse such as X m Y n of these 
curves, which are nothing but the value of u in the expressions [1] and [2] tliat give the pressures, 
are placed in columns 9 and 10 of Table A. 

The profile wc are considering is in good conditions of stability with respect to the pressure 
supported by the masonry : it remains to be proved whether the stability be equally sure with 

" ■' r, and of the whole structure 

stability of the structure in 

) > 1, or at the limit 


res{)ect to tJie slipping ot tno courses ot tne masonry one over anotiic 
upon the soii of the foundation. We have seen that to ensure the 

regard to this question of slipping, we must have for each course 2 


2280. 



in which the height h was made 


SIP ) 


[43] 


In this equation / represents the coefficient of friction on the masonry, *> the force of cohesion 
in the masonry to the unit of surface, h the breadth of the profile in the course considered, and t the 
surface of the portion situate above this course. 

Neglecting the cohesion of the masonry, and thus assuming unfavourable conditions, equation [43] 
5 

, 2857 , , T' 

becomes = 1, or / = —rye 
5 8 5 

In column 8 ot Table A will be found the value of this quantity, which is none other than that 
of the ratio ot the thrust to the vertical pressure. It will be seen that the maximum value it 
attains is 0 7304, and as 0® 76 is usually admitted for the coefficient /, we may conclude that the 
profile of Fig. 2240 is in good conditions of stability with respect to slipping, even when we do not 
take into account the cohesion of the mortar. 

Profile of Equal Resistance calculated by the Approximative Method for a Wall 50 metres in height.— 
The principles developed by us respecting the determining of a profile differing but little from one 
of equal resistance, have been applied to a barrage 50 metres in height. The upper portion C D B A 
of this profile, which was represented in Fig. 2241, was determined by means of the equation [86] ; 
the remainder of the barrage was supposed to be divided into sections of a constant height of 
2 metres. The graduations included between the plane B A and C' C" in that portion in which the 
profile is vertical on the side of the water were calculated by means of the equations [37] and [88], 
taking oarO| when choosing the one suited to each graduation, to conform to the instructions which 
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we have already given relative to this matter. The lower portion of the barrage was oaloulated by 
means of the equations [39], [40], [41], and [42]. But as these oaloulations are very intricate and 
tedious, when a sufficient number of ^duations lias been determined to give nearly the form of 
the curves passing through their re-entering angles, we may calculate the salient angles x and y 
tentatively by choosing as the first approximative values those which result from the intersection of 
these curves produced with the horizontal planes forming the base of the graduations, and modify- 
ing these values until the pressures resulting from them are equal to G kilogrammes to the square 
centimetre. Table B, drawn up in the same manner as the Table relating to Fig. 2240, contains all 
that it is interesting to know with respect to the profile of Fig. 2241. It will be seen that the 
maximum value to be given to the coefficient of friction, to satisfy the conditions of stability with 
respect to slipping, is 0*7324, a value less than the limit applicable to masonry. 

Comparison of the Profiles calculated, — Profile to be adopted, — There is no need of insisting upon 
the advantages possessed by profiles deviating but little from one of equal resistance. It is perfectly 
clear that a reservoir wall calculated so as to offer on certain points pressures much less than the 
limit not to be exceeded, might, with a more rational arrangement, have had smaller dimensions 
without offering less security. The profiles of Figs. 2240, 2241, differ very little from one of equal 
resistance; the former admits the limit of pressure only upon the sections m», AB, m'n', A'B\* 
the latter admits it upon all the re-entering angles of the graduations. In all the other points of 
the facing, in both profiles, the pressure to the unit of surface is less than the limit adopted. It 
remains for us to compare these two profiles. From the point of view of stability with re8i)ect to 
the pressures, the advantages which they offer are nearly identical. The same may bo affirmed 
with respect to the resistance to slipping ; in the former, the maximum value to be given to the 
coefficient of friction in the masonry is 0*7034, it is 0*7324 in the latter. Either of these profiles 
might bo chosen indifferently if no question foreign to stability had to be taken into consideration. 
But there are other conditions in works of such magnitude which may not be overlooked. These 
are the suitability of the forms adopted to the materials to be used, the cost, and the effect produced 
from an artistic point of view. When the materials to be employed consist chiefly of porphyry, 
granite, or basalt, stones which, for the most part, do not admit of being regularly cut, it b<}comes 
especially difficult to construct the facings with horizontal joints. The profile of Fig. 2241, how- 
ever, requires as an indispensable condition that the facings should bo so constructed, and, having 
regard to the slight projection of the graduation, we should be under the necessity, in order to 
obtain a solid structure, to cover them with stones equal in length to this projection. On the 
contrary, the facings of the profile of Fig. 2240 may be easily executed with materials hard to 
cut, by adopting the system of irregular joints, the only practicable one with the greater part of 
porphyries. From the jx)int of view of cost, the profile 2240 again offers the greatest advantages ; 
it presents, in fact, a cube of only 995*" *30 to the lineal metre, whilst that of Fig. 2241 has 1028*75 
cubic metres ; the surface of the exposed facings is 119*70 square metres for the former and 152*15 
square metres for tlie latter. Supposing 12 francs to be the price of the cubic ra^tre of the ordinary 
ma.sonry and 20 francs the price of the masonry of the facings, we have as the cost by the lineal m^tre; 
of Fig. 2240 the sum of 12230*88 francs, which cost is increased to 12710*28 francs for Fig. 2241, 
thus offering a saving of 479 * 28 francs in favour of the former. This saving would really be greater, 
for we have supposed the cost of the masonry of the facings to be the same in both cases, whilst for 
Fig. 2241 it would certainly bo considerably greater. From the point of view of artistic effect, it 
seems to us that the outer face of Fig. 2240 presents a nobler aspect than the graduations of 
Fig. 2241. 

The foregoing considerations lead us to give the preference to the profile Fig. 2240, and that is 
the one we should propose if we were called ui?on to design the wall of a large reservoir. 

Before leaving this subject, we will examine some objections made to a system similar to the 
one we propose by M. de Sazilly. According to this well-known engineer, the principal objections 
to facings pre.seuting a polygonal outline are the following : — 

1. The acute angles formed by the horizontal sections of the wall and of the facings place the 
latter in unfavourable conditions for resisting the weight which they have to support. 

2. The too gentle slope of the outer face favours the growth of parasitic plants, whoso effect 
is always destructive. 

3. The execution of a facing having a polygonal contour, while presenting an ungraceful 
appearance, is attended with practical difficulties. 

Th(; last of these objections does not apply to Fig. 2240, since the outer face presents only four 
changes of inclination, the first of which is alone perceptible to the eye. The second objection 
applies with greater force to the horizontal portion of the graduation of Fig. 2241. True M. de 
Sazilly proposes to cover them with a layer of bitumen ; but the growth of vegetation may be 
easily prevented on the facings of Fig. 2240, and with less expense, by carefully executing the 
joints and keeping them in a good condition. The first objection, which is certainly the most 
serious, is of less importance in the case of our profile than in the case of the one to which it was 
applied. Indeed, this latter has a jiolygonal contour concave w'ith respect to the straight facings 
« B, B n\ n' B', of Fig. 2240, and, consequently, the sides of this polygon make with the horizontals 
in each point angles smaller than those of our profile. But in any case, this objection mny be 
removed by arranging the masonry of the facings normally to the surface of those facings. With 
this arrangement thev will certainly be in better conditions of resistance than those of the gradua- 
tions of Fig. 2241, which the pressure may tend to separate from the mass of the structure along 
the lines which join the re-entering angles. 

Profile of the Pnrrmje 50 metres in height constructed on the Furens, — At the part where this 
barrage is constructed, the valley is only 7 metres broad at the bottom, as shown in Fig. 2281, 
This circumstance, as wo have already seen, enables us to diminish the breadth of the barrage at 
the lx)ttom. To determine the point from which, the profile having reached the breadth of the 
valley, the horizontal thrust is destroyed by the resistance of the rocks, we have applied suooes* 
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Btvelv to the profiles 2240, 2282, and 2241 the oonstmotion shown in Fig. 2276. The lines 0 S, 
M'M, N'N, P'P, Q'Q, drawn ^roendicularly to the vertical line 00', are equal to the breadth 
of the valley at the heights OM' ON', OP', and so on, above the bottom. 

The lines 0 B", A' B, A B, 0' D, 0 D, are equal to the breadth of the profile. Fig. 2240 ; at the 
heights OK, 0 A, OB. 00', 00, the lines a^6', 6" a", and so on, represent the breadths of Pie:, 
2241. We see from the construction that 
the breadth of the barrages reaches the 
breadth of the valley at a height above the 
foundation comprised between 14 and 15 
inures for Fig. 2240, and between 15 and 
16 metres for Fig. 2241. To avoid frac- 
tional numbers in the height of the sec- 
tions into which the profiles are divided, we 
have taken 14 metres for the first of these 
heights, and 15 metres for the second. The 
lower portion of the profiles suitable to the 
valley of the Furons was calculated by means 
of the fonnulm relative to valleys of given 
dimensions, and in this way were obtained 
the two profiles. Figs, 2242, 2243, referred 
to when treating of that barrage. The breadth of Fig. 2242 at the base was calculated by means 
of the equations [48] and [30], from which the values A!p = y and W q = x were deduced. 
The graduations of Fig. 2243 were calculated by means of the equations [50] and [41], These 
two profiles are exactly similar to those of Figs. 2240, 2241, as far as the plane w»' n', and 
Tables A and B contain all that is required to calculate their resistance. Table C contains the 
same elements for the lower portions ; only the horizontal component of the thrust being directly 
destroyed by the resistance of the rocks, the slipping of one course of masonry over another is 
rendered impossible ; for this reason we have not given in this Table the elements relating to the 
resistance to slipping. 

It will be noticed that the curves of the pressures when full Z X X X in these two profiles 
present a point of retrogression where they meet the plane m'n'; there is nothing surprising in 
this, as it was from this plane that the horizontal component was supposed to be completely 
destroyed, but in reality the point of inflexion would have no existence, because on approaching 
the piano m' n', before being completely destroyed, the thrust would be weakened, and thus the 
curve of the pressures would be brought nearer the inner face, and would assume the form shown 
by the dotted line. 
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Table A. 


Height 
nensureU 
from tho 
Top. 

1 

Volume 
of the 
Masonry 
to the 
lineal 
metre. 

2 

Heduoed 

Thickness. 

3 

Ratio 
of the 
Reduced 
Thickness 
to the 
Height. 

4 

Total 

Vertical 

Pressures. 

6 

Horizontal 

Thrusts. 

6 

Ratio 
of the 
Pressure 
to the 
Thrust 

7 

Value to 
be given 
to the Co- 
efficient of 
Friction 
for Equi- 
librium. 

8 

Absclsse 
of the 
3urve of 
the Pres- 
sures 
when 
full 

9 

Abscissffi 
of the 
Curve of 
die Pres- 
sures 
when 
empty. 

10 

Maximum 
Pressure 
to the 
square 
centimetre 
when full. 

11 

Maximum 
Pressure 
to the 
square 
centimetre 
when 
empty. 

12 





tons. 

tuUK. 





kiioB. 

kilos. 

2 

10-253 

6-1265 

2-5632 

20-506 

2-00 

10-2530 

0-095 

2*62 

2*56 

0-39176 

0*27002 

4 

21-012 

5-2530 

1*3131 

42-024 

8-00 

5-2530 

0-190 

2*59 

2*65 

0-91916 

0-85344 

6 

32-278 

5-3796 

0-8966 

64-556 

18-00 

3*5864 0-275 

2*50 

2*69 

1*56894 

1*34472 

8 

44-052 

6-5005 

0-6883 

88-104 

32-00 

2*75.32 

0-360 

2-28 

2*76 

2-52140 

1-84464 

10 

56-330 

5-6330 

0-5633 

112-660 

50-00 

2-2532 

0*440 

1-94 

2*82 

3*86172 

2-34540 

12 

69-120 

5-7600 

0-4800 

138-240 

72-00 

l-9200i 0-520 

1*54 

2*89 

5-98441 

2-83232 

14 

83-608 

5-9720 

0-4265 

167-216 

98-00 

1-7062 

0-585 

2*21 

8*02 

5-04719 

3*65052 

16 

100-993 

6-3120 

0-3945 

201-986 

128-00 

1-5748 0-630 

2-78 

3*25 

4*83752 

4-15936 

18 

121-275 

6-7375 ; 0-3743 

242-550 

162-00 

1-4972; 0-665 

8-30 

3*56 

4-90193 

4-54354 

20 

144-451' 

7-2227 

0-3611 

288-908 

200-00 

1*4446 

0-690 

2-78 

8-92 

1 5-095101 

4-91565 

22 

170-530 

7-7513 

0-3523 

341-060 

242-00 

1-4082, 0-705 

i 4*24 

4-32 

15-36106 

5-26681 

24 

; 199-503 

8-312610-3403 

899-006 

288-00 

1-3854 0-720 

j 4-69 

4*74 

1 5*667611 

5*60799 

26 

j 231-380 

8-8902 : 0-8422 

262*760 

338-00 

1*3690 

0-730 

1 5-14 

5-19 

16-00020 

5-94619 

28 

1267-020 

9-5364 

0-3406 

548*855 

392-00 

1*40011 0*7143 

6-31 

6-16 

: 5-79478 1 

5*78522 

30 

! 307-312 

10-2437 

0-3404 

645-240 

450-00 

1*4339, 0*697 

7-43 

7*21 

5*813761 

6-68148 

32 

1357-247 

11-0077 

0-3439 

761-799 

512-00 

1*4879 

0-672 

8-57 

8-28 

5-85488 

5*73312 

34 

401-828 

11-8184:0-8476 

869-120 

578-00 

1 *50371 0*665 

9*76 

9*26 

5*89248 

5*75856 

36 

456-055 

12-6682 0-8519 

996-655 

648-00 

1*5380 

0*640 

10*83 

10*28 

5*99080 

5*86768 

38 

514-940 

13-5510 

0*3567 

1134-590 

722-00 

1*5714 0*636 

!12*12 

12*30 

6-00372 

6*00088 

40 

579-283 

14-4821 

0*3620 

1306-073 

800-00 

1*6383 

0-612 

13*89 

12-90 

5*96288 

6*90304 

42 

649-912 

15-4741 

0*3684 

1494-874 

882-00 

1*6943 

0-589 

15*69 

14*48 

5-91300 

5*84984 

44 

726-830 

16-5188 

0*8754 

1696-500 

968-00 

1*7525 

0-570 

il7*46 

16-04 

1 5-93320 

6*80800 

46 

810-020 

17-6091 

0*8828 

1913-415 

1058-00 

1*8085 

0*552 

19*17 j 

17-60 

5-93620 

5*85312 

48 

899-615 

18-7399 

0*3904 

2145-186 

1152-00 

1*8621 

0-537 

21*00 , 

19-14 

5-92640 

5*98136 

50 

995*300 

19*9060 

0-3981 

1 

2391-783 

1 

1250-00 

1-9184^ 0-522 

22*76 

20-67 i 

j 5*99688 

5-00380 
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Table B. 


Height 

measured 

ftomthe 

Top. 

1 

Volume 

of 

Masonry 
to the 
lineal 
metre. 

2 

Reduced 

Thickness. 

8 

1 

Ratio 
of the 
Reduced 
Tbickness 
to the 
Height. 

4 

Total 

Vertical 

Pressures. 

6 

Horizontal 

Thrusts. 

6 

Ratio 
of the 
Pressure 
to the 
Thrust 

7 

Value to 
be given 
to the Co- 
cfficientof 
Friction 
for Equi- 
librium. 

8 

of the 
Curve of 
the l^res- 
sures 
when 
full. 

9 

AbsdsBa 
of the 
Curve ol 
the Pres- 
sures 
when 
empty. 

10 

Maximum 
r Pressure 
to the 
square 
centimetre 
when full 

11 

Maximum 
Pressure 
to the 
square 
oentimdtre 
when 
empty. 

12 

9 

45*00 

5*0000 

0*5555 

tons. 

90*000 

tons, 

40*50 

2*2222 

0*4500 

1*15 

2*50 

kilos. 

5*21739 

kilns. 

1*80000 

11 

56*60 

5*1454 

0*4677 

113*200 

60*50 

1*8710 

0*5344 

1*25 

2*58 

5*99655 

2*59578 

13 

70*44 

5*4184 

0*4168 

140*880 

84*50 

1*66721 

0*5990 

1*56 

2*75 

5*99533 

0*28171 

15 

86*78 

5*7853 

0-3856 

173*560 

112*50 

1*54271 

0*6481 

1*92 

3*00 

6*01354 

' 3*81081 

17 

105*86 

6*2270 

0*8663 

211*720 

144*50 

1*4652 

0*6821 

2*35 

3*32 

6*01631 

4*23867 

19 

127*88 

6*7305 

0*3542 

255*760 

180*50 

1*4169 

0-7057 

2*84 

3*70 

6*00037 

4*61308 

21 

153*02 

7*2866 

0*3469 

306*040 

220*50 

1 *3879 ; 

0*7204 

3*40 

4*12 

5*99567 

4*94766 

23 

180*44 

7*8886 

0*3429 

862*880 

264*50 

1*371910*7288 

4*03 

4*59 

6*00104 

5*26989 

25 

213*32 

8*5328 

0*3413 

426*640 

312*50 

1*3652 

0*7324 

4*74 

5*09 

5*99992 

5*58169 

27 

248*84 

9*2162 

0*3413 

497*680 

3»;4*60 

1*3653 

0*7324 

5*53 

5*63 

5*99683 

5*88712 

29 

288*44 

9*9462 

0*3429 

579*985 

420*50 

1*3792 : 

0*7251 

6*47 

6*42 

6*00229 

5*99072 

31 

332*52 

10*7264 

0*3460 

674*235 

480*50 

1*4031,0*7126 

7*57 

7*39 

6*01028 

5*99637 

33 

381*42 

11*5581 

0*3502 

780*250 

544*50 

1*4329 

0*6978 

8*81 

8*47 

5*99629 

5*99664 

35 

435*36 

12*4888 

i 0*3553 

898*690 

612*50! 

1*4672 0*6815 

10*13 

9*65 

5*99890 

5*97899 

37 

1 494*62 

13*3681 1 

0*3613 

1030*335 

684*50; 1*5052 

0*66431 

11*56 

10*93 

6*00256 

5*96272 

89 

559*38 

14*3130, 

0*3677 

1174*100 

760*50 1 1 *5438 , 0*6477 ; 13*06 

12*22 

5*97624 

6*99464 

41 

629*98 1 

15*3653 1 

0*3747 

1333*240 

840*50 1 

1*5862 

0*6304 

14*67 

13*65 

5*98226 

5*99696 

43 

706*70 

16*4348; 

0*3822 

1507*795 

924-50! 1-6039; 

0*0131 i 

16*38 

15*16 

5*97236 

5*99696 

45 

789*84 

17*5520 , 0*3900 1 1698*585 

1012*501 

1-6775 

0*5960 : 

18*20 

16*77 

5*98106 

5*99716 

47 

879*70 

18*7170 : 

0*3982 1 

1906*430 

1104-50 

1*7260 

0*5793 

20*11 

18*48 

i 5*97802 

5*99909 

49 

976*60 1 

19*9306 ; 

0*406712132*190 

1200*50' 

1*7760, 

0*i)630 

22 12 

20*27 

5*98188 

6*00268 

51 1080*00 1 

i 1 

21*1941 

0*4155 j 

2377-295 j 1300-50 j 1-8279 j 0-5470 1 

24*27 1 

22*18 

5*99596 

6*00160 


Table C. 


Height 
measured 
from the 
Tup. 

Volume 
of the 
Masonry j 
to the 

lineal mhtre. 

Rwiuced 

Tbickness. 

Ratio of 1 
the Reduced 
Thickness 
to (he j 
Height 

Total Vertical 
Pressures, j 

Abscissae 
of the 
Curve of 
i the Pres- 
sures when 
full. 

Abscissa) 
of the 
Curve of 
the Pres- 
sures when 
empty. 

Maximum 
Pressure to 

1 the square | 
* c<*ntlni6tre 
when full. 

{ Maximum 
' Pressure to 

1 the square 

1 centimetre 

1 when empty. 

1 


3 

4 

5 

6 

7 

8 

9 


26 

233-61 

8-9850 

0*3455 

Fig. 2242. 
467*220 

5*20 

5*18 

5*98493 

6*00617 

28 

266*94 

9*5335 

0*3404 

5i0*500 

6*21 

6*14 

5*87128 

5 •79(187 

30 

307*00 

10*2333 

0*3411 

627*720 

7*32 

7*10 

5*88208 

5*39772 

32 

351*55 

10*9850 

0*3433 

724*420 

8*45 

8*04 

5*86224 

5-82776 

34 

100-59 

11*7820 

0*3465 

8.30*580 

9*53 

9-05 

5-96056 

6*93560 

36 

454*18 

12*6161 

0*3504 

946*490 

10*65 

10-03 

6*99930 

6*00100 

38 

510*99 

13-4471 

0*3538 

1034*740 

11*57 

11*14 

5*07080 

6*96539 

40 

569*82 

14*2455 

0*3561 

1171*540 

12*35 

12*13 

5-88948 

5*97094 

42 

630-67 

15*0159 

0*3575 

1301*700 

13*31 

13*12 

5*28036 

5*95388 

44 

693*54 

15*7622 

0*3582 

1442*280 

14*09 

14*01 

6*53184 

5-99J96 

46 

758*43 

16*4876 

0*.3584 

1587*580 

14*82 

14*86 

5*63808 

5-98260 

48 

825*34 

17*1945 

0*,3582 

1737*620 

15*51 

15*67 

5*90902 

5-98752 

50 

894*34 

17*8868 

0*3677 

1892*525 

16*19 

16*47 

6*00268 

6-00148 

39 

556*16 

14*2605 

j 0*3656 

Fig. 2243. 
j 1165*255 

12*75 

11*99 

5*99075 

6-00344 

41 

620*20 

15*1268 

0*3689 

1307*960 

13*90 

13*08 

5*99693 

6-99972 

43 

686*88 

15*9739 

0*3714 

1457*515 

15*01 

14*14 

5*99999 

5-99485 

45 

756*36 

16*8080 

0*3735 

1614*005 

16*12 

15*18 

6*00164 

6-99862 

47 

828*84 

17*6349 

0*3757 

1778*865 

17*24 

16*24 

5*99794 

6-00128 

49 

901*48 

18*4587 

0*3927 

1952*235 

18*38 

17*31 

6*00044 

5-99788 

51 

983*48 

19*2839 

0*3781 

2134-000 

19*55 

18*40 

5*99899 

6-00040 


All the reasons by which wc were induced to prefer Fig. 2240 to Fig. 2241 exist in favour of Fig. 
2242 against Fig. 2243. The cube of the masonry is 894*84 cubic mi’trcs to the lineal m^tre, and 
it is 945*40 for the second. The surfaces of the facings are respectively 112*99 and 189*50 square 
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mbtrea. Admitting the prices given above, the lineal m^re of Fig. 2242 would cost 11003*26 
francs, a sum that would be increased 11679*60 francs for Fig. 2243. There would thus be a 
saving of 676*34 francs in favour of the former, and this having would actually be greater by 
reason of the difference which would necessarily exist in the prices of the masonry of the facings. 
We are ttius led to believe that the profile represented by Fig. 2242 is the best. 

Comparing the price by the lineal moire of Fig. 2282 with that of Fig. 2283, wo find that the 
latter exceeds the former by 1227*62 francs. We see from this that the small breadth of the 
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valley of the Furens ciinblos ns to rc'duoo tin* cost by the lineal metre of barrage by about one- 
tenth without ill any <logree diniinishiug flio stability of the structure. See Barrage. Docks. 
Drainage. Embankments. Gravity. L(m;ks. pREssriiE, Centre of. Waterworks. Weirs, 

DAMPER. Begistre ; Jianahsdiicher ; Ital., ; Span., Vdlvula atemperadora. 

See Blast Furnace. Boiler, p. 390. Chimney, registersy p, 960. Furnaces. Stationary 
Engines. 

DASH-POT. Fr., Apparril dc c/me ; Ger., Stossapparat ; Ital., Ammorzatore a stantuffo latino; 
Span., Cilindro para amoriijunr choijue^. 

See Brake, p. 621. Cam, p. 905. 

DATUM-LINE. Yi\.y Plan di nireau ; Qm.j Grund vder Standlinic ; It AL., Livcllo ; Span., P^imo 
dc comparacion. 

A daJtuin-Unc is the horizontal or base line, from which the surface points are measured or 
reckoned in the ])lan of a railway. Sec A. P. 

DEAD-CENTRE. Fr., Point mort; Ger., Todter Punct ; Ital., Punto morto. 

A dead-centre, or dead-point, is cither of the two opposite pf>int8 in tho orbit of a crank, at 
which the crank and the connecting-rod lie in the same straight line. See Algebraic Signs, 
p. 42. Locomotives. Marine Engines. Slide-Valves. Stationary Engines. 

DERRICK. Fr., Martinet; Ger., iJirk oder Piekfall ; Ital., Gru; SPAN., Ginta. 

See Lifts. Hoists and Elevators 

DETAILS OF ENGINES. Fr., Pikes des machines a vnpeur; Ger., Einzclne Theile ciner 
MascUne ; Ital., Parti delle macchme vapore ; Span., Piczas de mdquinas. 

There are many minor contrivances and mechanical appliances attached to steam-engines that 
require detached and particular investigations both with respect to mechanical arrangement and 
philosophical investigation. The details respecting such subjects we place under the heading 
Details of Engines. 

Feed-Pumps.^Simple Forcing’Pump.—Thc pumps which are in general use, and which are 
worked directly by the engine, are similar to that of which Fig. 2284 is a transverse section. 

A feed-pump acts by overcoming the pressure inside the boiler. This circumstance, together 
with tho small diameter which the pump has in nearly all cases, has led to the adoption of tho 
solid piston, called a pump-plunger, or simply plwujer. (Sco Air-Chamber, p. 34.) This is the 
system employed when a high pressure has to be overcome. 

The pump represeuted in Fig. 2284 consists of a cylinder A of cast iron or of bronze in which 
works the piston or plunger B. This cylinder is furnished in its upjior part with a stufl8ng-box 
through which the plunger works. Below the stuffing-box the diameter of the cylinder is suffi- 
ciently largo to allow the plunger to work freely. The example which we give in Fig. 2284 
possesses the peculiarity of heing cast in one piece ; this is an arrangement that is often adopted, 
especially when the force exerted is not great. Tho lower portion of the pump consists of a box 
or chamber 0 of an oblong form, the interior of which is divided into two compartments 6 and 6 , 
communicating with the chamber C by means of the clack-valves D and D', call^ respectively 
sucking and forcing valves ; tlie channels d and d' connect these valves with the pipes E and E , 
and with the inner chamber. , , « ^ ^ • 

It wm be seen from Fig. 2284 that in the arrangement adopted for foremg-pumps, tho mtenw 
of tho ptunp A communicates, on one side, by a lateral opening c with the compartment 6, which 
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contains the ^flcking-vnlve D, and, on the other, by the lower orifice c with the nnder-sfde of the 
forcing-valve D'. And in the same way the suctieii-pijie E communicates directly by the channel 
d with the lower side of the valve D, whilst the pipe K', which leads to the boiler, communicateB 
by the channel cT, on the upper side of the valve with the second compartment b\ 

It will be seen from the foregoing explanation that when the plunger rises a vacuum will be 
formed in the chamber C, and the pressure of the atmosphere upon the reservoir will, consequently, 
force the water in through the pipe E by raising the valve D. When the plunger descends, on 
the contrary, the force exerted upon the water will close the valve D, and raise the other D', 
through which the water will rush by the pipe E' into the boiler. 
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The following details of the example we have chosen will be of use. The form of the valves 
will be seen from Fig. 2285, which represents one of them in elevation, and as seen from below. 
They consist of a flat disc with a conical edge to fit the seat, and a cylindrical plug hollowed or 
fluted on three sides to allow a passage to the water. These valves are adjusted to cylindrical 
orifices, the upper side of which forms the clack-seat ; these orifices are concentric with the com- 
partments b and 6', which are also circular and open at the top, to allow the introduction of the 
valves. When the pump is at work, both of these compartments are hermetically closed by an 
iron lid e fitting upon a leather or lead washer. As it is necessary to be able to examine the 
valves easily, the lids e are held down by a single hand-screw F working through the Btirruj)- 
piece G, affixed by hooks // to the body of the pump. This arrangement will be easily under- 
stood by referring to Fig. 2286, which gives a side view of the pump through a transverse section 
1 — 2 of the clack-box b\ 

It will be noticed that each valve has, on its upper side, a short rod g ; this rod has several 
uses. It serves as a handle to turn the valve, or t«) take it out of its seat ; but its chief use is, 
when the pump is working, to prevent the valve from rising out of the cylindrical aperture in 
which it moves. 

The stuffing through which the plunger plays has nothing remarkable but its simplicity. It con- 
sists of hemp, well greased and kept tight around the plunger by the collar a and two belts h h. This 
collar is rarely provided with a lubricating cup, as the stuffing is usually greased with tallow, 
and, as the apparatus works at relatively low temperatures, the grease lasts a considerable time. 

We use the term “ relatively ” because the feed- water is usually warm. But, if the tempera- 
ture exceeds 30 or 40 degrees Cent., the pump will work badly ; and if it bo required to heat the 
feed-water by means of the waste heat, it will be better to eflect this operation between the pump 
and the boiler, that the former may work with cold water only. 

The kind of pump which we have described may be of gun-metal or of cast iron. With the 
exception of the valves, which ought to bo of gun-metal or bronze on account of their delicate 
functions, all the parts should be of the same material. It is the opinion of many experienced 
men that the presence of different metals in contact with water, the action of which is always in 
some degree acid or saline, gives rise to a galvanic current which accelerates the oxidation oi the 
metal. We do not assert the truth of this opinion ; we mention it as one worthy of attention and 
requiring further research. 

In the case of engines of direct action, feed-pumps are usually worked by means of a circular 
eccentric placed upon the shaft. A connecting-rod joins the eccentric and the pump-plunger. 
According to the arrangement shown in Figs. 2284 and 2286, the pump is fixed vertically; but it 
may be horizontal or inclined, with a slight alteration in the position of the clack-boxes, as we 
shall have occasion to show later. 

Sometiines the feed-pump is oomiected directly with the motion of the piston of the air-pumpi 





DETAILS OP ENGINES, 


1163 


when there ie a condenser; but in that case it is necessary to reduce the diameter of the plunger, 
because the stroke is relatively considerable. It is true that with the eccentric we may fall into 
the opposite fault, when we do not wish to give it exaggerated dimensions. This latter condition 
is, however, more in accordance with the ordinary motion of a pump, which, except in the case 
of l^motives and engines driven at a high rate of speed, is usually slow. When applied to beam- 
engines, the pump is worked from the beam, and may have a greatly reduced stroke. 

The work of a feed-pump should, like the evaporization, be continuous, but, on account of the 
difficulty of making it correspond exactly with the loss in steam, it is necessarily intermittent. 
Besides, as a pump is liable to irregularities, it is needful to give it greater power than theory 
demands, i)roviding, at the same time, the means of suspending its action at pleasure. This means 
is furnished by two different methods which do not offer the same advantages. 

The first is to put it out of gear, and so to stop it completely. If the mechanism by which this 
is effected is easily managed, there is no objection to this method. 

In the seCyond, the action of the pump is allowed to continue, and the cock in the suction-pipo 
is partially or wholly closed. This latter method is certainly not the best, for if the cock be closed 
the pump moves in a vacuum, and if there be the smallest fissure the air will enter. But what is 
of greater imjjortance is, that this regulating by means of cocks, which are more or loss closed 
while the plunger continues its motion, gives occasion for mistakes which may result in bursting 
the pipes or some portion of the pump. We have ourselves witnessed a fact of this kind. The 
connecting-rod which worked the pump belonging to a powerful beam-engine was found to have 
been twisted, notwithstanding the great diameter of the rod, which was not less than from 4 to 5 
centimetres. An accident of this kind must be attributed to the closing of a cock in the forcing- 
pipe, a circumstance which, in the case we have cited, was rendered more probable by the fact 
that the driver had the command of cocks on the boiler. 

Many methods have been proposed for regulating the feed by means of a pump, by the level of 
the water in the boiler ; few have, however, been adopted in practice. 

But whatever method bo adopted, accidents may bo prevented by providing the pump with a 
safety-valve. A safety-valvo not only prevents accidents, but it may serve to clear the pump of 
the air which the water always brings in with it, and which is one of the most frequent causes of 
stoppage. It is well known that when the pump raises the water to a considerable height it pro- 
duces a corresponding vacuum which disengages the air from the water. The air thus introduced 
into the pump, ascends to the upper portion, and gradually accumulates till its pressure hinders the 
sucking-valve from opening. This can be got rid of only by opening a cock placed for this purpose 
on the pump or by lifting the safety-valve when there is one. 

The pump. Fig. 2287, belongs to a two-cylinder engine. It differs from the preceding in the 
arrangement of tlie olack-lx)xe8 and in being provided with a safety-valve. 

The clack-box is a kind of tube (4, independent of the 
body of the pump and communicating with it by a tubular 
passage. The inside of the tube C is constructed to receive 
the two valves D and 1)', which are, in this case, one above 
the other, and unequal in size, as they must be introduced 
through the same aperture <?. The suction-tube is in con- 
nection with the cock E below the clack-box. A pipe in the 

{ >ortion 6' of the latter provides the commimication with the 
joiler. When the pump-plunger ascends, the water fiows 
through the passage d, forces up the valve D, and enters the 
pump by the passage d' between the two valves. When the 
plunger descends, the valve D' is forced up, and the water 
escapes from the compartment 6' into the boUer. 

It is clear that this arrangement is inferior to those in 
which the valves are quite free of each other, as in the pre- 
ceding example. To examine the lower one, it is necessary 
to remove the upper, and the flow of the water, which 
changes its direction at each stroke, seems less rational 
than in tlio pump represented in Figs. 2284 and 2286. 

We come now to consider the safety-valve to which we 
have alluded. This valve H, of small dimensions, is situ- 
ated in the upper portion of the pump where the air is 
likely to accumulate. The valve is loaded by a horizontal 
lever I, having a projecting piece g corresponding to the 
valve, to which it transmits the action of the weight J. 

This valve, which is absolutely necessary to prevent accidents contingent on the ill-timed 
closing of a cock, or any cause which may hinder the flow of water into the pump, serves also to 
give egress to the air which is continually accumulating. The conditions of the equilibrium of 
this valve, as in the case of safety-valves on boilers, have as a basis the internal pressure. The 
pump-valve must offer an excess of load over this pressure ; indeed, it is clear that it may resist 
this pressure up to the practical limit of resistance of the weakest portions of the pump. 

R Bourdon’s Pump, Figs. 2288 to 2290. — The first example is a horizontal pump applied to 
the horizontal engines constructed by Bourdon for flour-mills at Odessa. These engines are of 
25 horse-power. Fig. 2288 is a vertical section, and Fig. 2289 a transverse section along the 

The peculiarity of this pump consists in the construction of the clack-boxes and the valves, the 
latter being hinged. The main or central portion A is provided with two passages and c , exactly 
symmetrical and terminating in smooth projections. Upon these proj^tions wre raed, by means 
of screws, two bronze seats C and O' which Imve the curved passages d and c , and the passages 
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E and E to which are affixed the suction and the forcing pipes. It is remarkable that, according 
to the natural play of the valves the passego d is in direct oomniunication with the suction-pipe, 
and the pa&^sago with the channel c , whilst the other channel o is in diieot communication with 
the chamber h, 

2 '^ 88 . 



The seats C and C' are enclosed in bell-shaped covers r, forming the chambers or clack-boxes 
6 and b * ; these covers are held in their position by the stirrnp-picce G and the screw F. The 
valves themselves are solid discs fixed by a hinge. It should be remarked, however, that for small 
dimensions engineers generally prefer the kind described in our first example, which requires less 
delicate adjustment and which is less liable to get out of order than the hinged valve. 

This pump is remarkable for the neatness of its construction and tlie very rational way in which 
the water circulates through it, without any sharp angles or changes of direction. The clnck-lx)xe8 
too, being independent of their seats, allow of repairs being easily effected. The body of the pump 
is of cast iron, but the valves and the lioxes are of bronze. With regard to tlie details of construc- 
tion, we have to notice that the pump-plunger B is hollow to allow tlie conn(icting-rod J, which is 
jointed to its lower extremity, to work in it ; the object of tliis arrangement being to lesson the 
length of the wliole mechanism without shortening tiio connccting-rod. This pump is furnished 
with a safety-valve H of the kind doscribcjd above. Vertical pumps are fixed by the base ; when, 
as in the present case, they are horizontal, they are fixed by the part y. Fig. 2289, which is cast 
with them. The bfdts h of the collar differ from those of the other examples in having, in the place 
of the head, an eye which passes over a tenon of the same form, cast with the pump. 

Fig. 2288 represents a vertical pump constructed exactly like the preceding fme with respect 
to the valves and boxes. The various parts are marked with the same letters as in Figs. 2288, 
2289. When required to perform the same functions as Edwards’ pump, this one is evidently 
far preferable. 

We have an important remark to make relative to hinged valves ; — Wliatever the position of the 
pump, the position of the valves must be such that they may rest naturally and of their own 
weight upon their seat, without any assistance from the pressure developed by the play of the 
plunger. If this be not the case, the play of the valves, which it is always difficult to keep regular, 
will be faulty, and the pressure of the water will seldom be sufficient to force them back into their 
places in time. See Pumps. 

Dimensions of Feed-Pumps . — When we know exactly the volume of water requisite to supply an 
engine, the determination of the dimensions of the pump is only a matter of simple calculation ; but 
as the power of a pump is not strictly limited to the volume of water which is absolutely necessary, 
the subject demands some consideration. 

Volume . — In most steam-engines, the pump-plunger makes as many strokes as the piston ; if 
the circumstances were the same in all engines, the volumes engendered by the piston and the 
plunger would be proportional, and we might thence determine the proportions of the feed-pump of 
low-pressure engines. But as each engine may offer particular conditions, such as length of admis- 
sion and pressure of tlie steam, it is more rational to endeavour to discover the weight or the volume 
of water to which each special set of conditions corresponds. 

The quantity of water consumed by a steam-engine may vary from 45 to 9 kilogrammes for each 
horse-power an hour, not including that which, in all cases but in different proportions, is carried 
off by the steam, but which must be taken into account when it is required to fix the work of the 
pump. In the presence of variations so considerable as these, it would seem that we should have 
to assign to feed-pumps as many different proportions as there were different conditions. But it is 
possible to reduce the problem to more general terms, by remarking, in the first place, that the 
circumstances in one and the same engine are much less variable when the steam is not used 
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expansively than when it is so used ; and, in the second place, that in the two cases we may bring 
under two heads engines with and without condensation. 

We may thus lay it down ; — 

1 . That an engine in which the steam is not used expansively and which has no condenser, 
consumes, as a mean, 10 kilogrammes of water in utilized steam, by the horse-power, an hour. 

2. That, for an engine in which the steam is used expansively and to which there is no con- 
denser, the power of which engine may vary as much as of the nominal power, and the specific 
consumption in steam of which is, on the average, 20 kilogrammes, the pump must be constructed 
for a higher consumption, namely, about 30 kilogrammes. 

3. Tliat, for engines in which the steam is used expansively and to which there is a condenser, 
the power of which engines varies in a similar degree, and the consumption of which varies from 
18 to 9 kilogrammes, the mean being about 15, the pump must be constructed for a consumption of 
from 22 to 25 kilogrammes, by the horse-power, an hour. 

If now we modify these quantities, on account of the imperfect working of the pump, which 
allows us to reckon upon a real production of only 70 per cent, of the volume theoretically engen- 
dered by the plunger, and add to them at first 15 per cent, for the possible quantity of water not 
evaporated, we arrive at the following conclusions ; — 

HUjh-pressure Engines without Expansion, — The piston or plunger of the feed-pump should 

engender, as the sum of the single strokes, a volume equal to 
C6 cubic decimetres to the horse-power an hour. 


40 X 1*15 
0-7 


= 65*714, or about 


High-pressure Engines with Expansion . — In this case the volume will equal 


30 X 1*15 


0*7 


49*286, 


or about 49 cubic decimetres to the horse-|iower an hour. 

Louypressure Engines with Expansion. — For this kind we find as the maximum volume to be given 
25 X 1*15 

to the feed-pump — = 41 • 071, or about 41 cubic decimetres to the horse-power an hour. 

These numbers, taken as bases of comparison, enable us to compute the real dimensions of 
the pump, the volume of which is the quotient obtained by dividing )>y the number of double strokes 
an hour. 

Suppose, for example, that it is required to find the volume engendered by the piston of the 
feed-pump of a low-pressure engine with expansion, of 25 horse-power and making 30 revolutions 

41 X 25 

a minute, the pump being driven directly, we have ~ — = 0*570 = 570 cubic centimetres. 

oU X oO 


The piston of the feed-pump of M. Bourdon’s en^ne which corresponds to the foregoing data, 
engenders, by each single stroke, a volume of 630 cubic centimtdres. 

Tlic work of a feed-pump being intermittent, the supply of water while the pump is at work 
must be greater than the consumption. The numbers given above are, therefore, only bases, since 
tlie capacity of a pump may be increased by this single fact. Sometimes its dimensions are greatly 
exaggerated in order to be able to obtain from it, in case of need, an excess of work. This is a very 
pernicious method, and it ought never to be adopted. 

Diameter and Length of Stroke. — The diameter and the length of stroke are only an arithmetical 
deduction from the volume found for a single stroke, and, consequently, have no other interest than 
the variable relation which may exist between them. The pump-plunger is often driven directly, 
and gives the same number of strokes os the piston. In this case the length of stroke must be 
reduced in order that the speed may not exceed a certain limit, beyond which the performance of 
the pump is bad and the resistances considerable. In fine, it may be said tliat the diameter and 
the length of stroke of a pump-piston dejicnd absolutely upon the arrangement of the mechanism, 
and have no riilation that may be established a priori. We have only to remark that the speed 
of the piston should never exceed §0 centimetres a seexmd, and the number of pulsations 100 a minute. 
For an engine turning at a higher rate of speed than this, a retarded motion should be given to the 


pump. 

Sections of the Valves and the Suction and Forcing Pipes. — In many cases, and especially in the 
case of engines in which the circumstances are nearly the same, the section of the pump-valves is 
determined proportionally to the nominal horse-power. It is in this way that we find the section 
of the injection-tube of the condenser, by taking as fixed bases the height of suction, the counter- 
pressure, and the greatest specific quantity of water to be injected, for, in this case, the total 
quantity of water becomes proportional to the nominal power. An analogous method would be 
applicable to the suction -tube of the feed-pump if the water wore free to enter the pump with all 
the speed duo to the vacuum caused by the suction. But it can enter only in virtue of the space 
allowed by the plunger, the speed of which is, as we have seen, very restricted ; we must, therefore, 
take this speed as a starting-point, employing as a basis the mean volume of water assigned above 
to the three different kinds of engines respectively. 

It may be admitted that the speed of the water through the suction-tube is, on the average, 
0™*50 a second ; but as the play of the pump is intermittent, we may put it at a continuous rate 
of 0® *25 a second. Applying this method to the three kinds of engines, the volumes of water for 

which have been calculated above, wo obtain the following results xv i • j i? 

High-pressure Engines without Expansion.— We have seen that the feed-pump of this kind ot 
engine ought to supply 40 kilogrammes, or litres, of water to the horse-power an hour, plus 15 per 
cent, for the water carried off by the steam. The section of the suction-valve of this pump, according 

, . sx 40X1*15 nd.noKil 

to this, is equal to the dimensions expressed in square decimetres, 2*5 x 3600 or 


about } a square centimetre to the nominal horse-pow*er. 
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ffigh-pretmre JSitgints with Sgpansion . — Operating in the same way tor this second kind, we find 

as the section of the suetion-Talve = O'OOSSS = 0*383 square centimetre to the horse- 

4*0 X ooOO 

power. 

Low-pressure Enaines with Expansion. — ^We obtain in the same way, 

25 X 1*15 

oTr — = 0*00319 = 0*319 square centimMre. 

A * •> X obuU 

These proportions are in accordance with those adopted in practice, though they cannot be 
regarded as invariable rules ; they should be used as a point of comparison, in order to be sure of 
not going below their value, which, on the contrary, may be exceeded without inconvenience, if the 
general proportions of the pump will allow it. 

To give our readers a clear apprehension of the method of applying these proportional bases, wo 
will give an example. 

Example. — What ought to be the least section of the suction-valve of the feed-pump, applied to 
a low-pressure engine, with expansion, of 25 horse-power. 

The specific section being 0*319 square centimetre, we find for the power proposed, 

0*319 X 25 = 7*98 square centimetres. 

This section corresponds to a circle of about 32 millimetres in diameter, which is the size to be 
given to the suction-tube ; as to the valve itself and its seat, it should have dimensions which give 
an equivalent effective orifice, on taking into account its nature and arrangement. We repeat that 
an advantage will be gained by increasing the dimensions thus found, when the construction will 
allow it. 

It is supposed in the preceding rule that the height of suction is always much less than that 
which w*ould allow the water raised only an initial velocity, in the ascension pipe, of 50 centimetres 
a second. 

Taking a height of 5 metres as a maximum, the water would have, on this condition, a tendency 
to escape through the orifice of the valve with a velocity always equal to 

t) = V 19^2 X ( iO”* *33 — 5™) = 10® *21 a second. 

It is customary to give to the forcing valve and pipe the same dimensions as to the suction 
valve and pipe, in which case the water acquires through them the same mean velocity. We have 
only one objection to make to this, namely, the pressure being much greater, and the pipe being 
often of considerable length, the resistance is greatly increased, and thus the chances of rupture 
are multiplied. Consequently, while giving to the forcing-valve the same dimensions as to the 
other, it would be prudent to increase slightly the diameter of the pipe, especially if it be long, in 
which case the resistance is augmented. It must not be forgotten, too, that the section of these 
passages is reduced in course of time by the dejrosit of matter brought in by the water, and which 
is suspended in it, or in a state of calcareous dissolution. 

Of even greater importance is the avoiding of sharp angles, almost doublings, which are some- 
times given to this kind of pipe under the pretext of hiding them in the masonry in which they are 
built. By such faults as these, the section of the forcing passage is often so much reduced that tho 
slightest accidental obstruction may cause the bursting of the pipe, or of some portion of the pump. 

Self-acting Feed Apparatuses. — Feed-pumps rarely work with sufficient regularity to render it 
unnecessary to watch their performance. With a pump of small dimensions, without a reservoir of 
air, and moving at a considerable speed, it will often happen that the valves either get out of their 
seats or close imperfectly, this latter circumstance arising from the interposition of pieces of gravel 
brought in by the water. Often, when the pump has ]&en stationary for a considerable time, it 
will not work till the clack-boxes have been filled with water. 

This uncertainty in the working of pumps, added to the difficulty of making their production 
correspond with the evaporization, which may be increased without accelerating the speed of the 
engine and the pump, h^ led engineers to seek methods of regulating tho supply of water by the 
level of the wat^ in the boiler. One method of effecting this offers itself almost naturally to the 
mind. 

Suppose, in communication with the boiler, a tube of sufficient height to put the water it con- 
tains in equilibrio with the pressure of the steam. If this column of water be in communication 
with a reservoir by means of a floating valve, it is clear that this column, having a tendency to 
sink vrith the level of the water in the l^iler, will supply at its base the volume necessary to main- 
tain it while receiving an equal quantity from the reservoir above. Here, then, we have an appa- 
ratus that would evidently work well in theory. 

But this tube must have in height as many times 10*33 mbtres, minus one, as the steam has 
atmospheres ; consequently, even for a fixed high-pressure engine, the method is almost impractic- 
able. It has been employed, however, but only when the pressure has been slightly above that of 
the atmosphere; in this case the column of water may be of a somewhat limited height. We will 
give an instance of one of these, before we attempt to discuss some of the inventions for high- 
pressure engines. 

Fig. 2291 represents the apparatus applied to a boiler ; it is the same as that applied to most 
low-pressure engines on Watt’s system, and is composed of a column A, of about 3 metres in height, 
fixed to the boiler B with which it is in free communication by the tube C. The water in it, con- 
sequently, rises to a height corresponding to the excess of the pressure of the steam above that of 
the atmosphere. 

The pressure in these boilers being at 1*2 atmosphere, or about above the surrounding 
atmosphere, it follows that the column of water will stand at a height of about 2 metres above the 
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level in the boiler, or about the fifth of a column of water in eqnilibrio with a preesure of one 
atmosphere. 

This column is terminated in its upper portion by a cistern D, the bottom of which is farmed 
of a piece E, shaped like a reversed funnel, the use of which we will explain farther on. This 
bottom is pierced with a small aperture provided with a conical 
valve or plug F, suspended by a rod a to a lever G resting on the 
side of tne cistern ; one of the ends of this lever is attached to a 
rigid rod 6 entering the boiler through a tube II which plunges 
freely into the water ; this supports a float I of a circular shape 
on account of the tube H, and of a density greater than that of 
the water. The other end of the lever G supports a counter- 
poise c, to balance the float. It must be remarked that the 
tube H, in which the water of the boiler rises to the same 
height as in the principal column, has no other use than to 
lender a stuffing-box for the passage of the rod 6 unnec^jssary. 

When the water-level in the boiler is at its normal point or 
above, the float I will not descend, and the valve F being held in 
its seat, the water in the cistern D cannot get into the cfjlumn A. 

If the level sinks, on the contrary, the float follows it and lifts 
from its seat the valve F which allows the water in the cistern 
to escape. This water being added to that of the column which 
is in equilibrio with tho pressure, and the height of which can 
vary only with the pressure, it follows that a quantity of water 
equal to that escaping from the cistern enters the boiler and 
raises tlie level to its normal point. The height being restored, 
the float ascends and closes the valve F. 

Til is apparatus may be connected with the register of the 
chimney in tho following manner. A float J upon the column of 
water, is attached to tho chain d which passes through the orifice 
in the piece E, and is fixed at the other end to the register. The 
column in the tube A varying in height with the pressure in the 
boiler, the register will be opened or closed by the fall or rise 
of the float J. 

Fig. 2292 is the pump belonging to the same engine, and is 
used to lift the water to the apparatus described above. It differs 
from other feed-pumps in being lifting instead of forcing. 

This pump has only a small force to overcome, since its 
piston supports only the weight of a column of water equal to 
the vertical distance from tlie pump to the feed-head, a distance 
of about 5 metres, or | atmosphere instead of 5 and upwards, 
wliich the force-pumps of high-pressure engines have to over- 
come. 

The body of the pump A is open at its lower extremity. It 
is bolted to the box B in which are the clack-valves D and 
The suction-valvc D is placed over a pipe C in communication 
with the tank receiving the hot water from the condenser. The 
box of tho second valve D' communicates by a tubular pas- 
sage E with the pipe leading to the feed-head. 

This kind of pump is now little used, because the water 
is sent directly into the boiler, and for this purpose a forcing- 
pump is better adapted. 

Apj)ar<ttus for High-pressure Engines, — We have shown 
above the principle of self-acting apparatus, and we have 
seen that it maybe easily realized when the pressure in the 
boiler exceeds but little that of the atmosphere. But for 
higher pressures other means have been resorted to, tliei 
simplest of which we will explain. It is right to add that ^ 
these various arrangements have been attempted more espe- 
cially in the case of boilers that are n^t designed to furnish 
steam to an engine, as in this latter case a pump may be used, 
and unless the method of the pump could be improved upon, 
there was no necessity for resorting to other means. 

There is also apparatus working in conjunction with the 
pump, and designed to regulate the quantity of water intro- 
duced, by the level of the water in the boiler. 

Feeding-vessel , — ^This very simple apparatus works without 
a pump and under all pressures ; it is employed for boilers 
used for heating purposes, or for any purpose where steam is 
required without an engine. 

It consists in principle, as may be seen from Fig. 2293, in 
placing above the boiler a vessel A containing a certain 
volume of water, which vessel may be put in communication 
with the boiler B, by two pipes C and I), one entering above 

the surface of the water in the vessel A, and the other below. x i a 

The first pipe C goes from the steam-chamber to the upper portion of the receptacle A ; the 
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second D goes from the lower portion of the same vessel to near the level, and in some cases below 
tho level of the water in the boiler. These two pipes are provided with cocks a anti b ; when it is 
required to introduce water into the boiler, the first cock a is opened, and the steam entering the 
vessel A. exerts its pressure upon the water. The second cock 6 is now opened, and both surfaces 
being sumected to an equal pressure, the water will flow from the vessel into the boiler in virtue 
of the difference of height of the two levels. When sufficient water has flowed into the boiler, the 
cocks are closed and the ffioding suspended. 

It will be remarked that this operation requires the intelligent care of a man. But it may be 
made self-acting by means of a contrivance based upon the principle of floating valves, which is 
sometimes done. 

The lower end of the pipe D may be above or below the level of tho water in the boiler ; it is, 
however, preferable to place it below to avoid tho boiling caused by the steam which would 
endeavour to force itself into tho pii)e if it opened into the space occupied by the steam. But in 
this case the cocks must be carefully managed ; for if the cock b were openea before the pressure 
had fully exerted itself in the vessel A, the water from the boiler would rush up into it, instead of 
the opposite effect being produced. 

We have supposed that the feeding bottle was itself supplied with water by hand, before sot- 
ting it in operation, and for a determinate time. But this vessel may be made to feed itself in 
the following manner; — 

A pipe provided with a cock puts it in communication with tho reservoir ; then a jet of steam 
is let into the vessel, which steam, by first expelling the air, and then being itself condensed, 
causes a vacuum which the water in the reservoir will rush up to fill. Of course, this method ia 
practicable only when the vessel is not situated at too great a height above the reservoir. 
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Jiegulntor working in conjunction with a Pump. — Tho apparatus represented in Fig. 2294 has also 
been employed to regulate the introduction of the feed- water supplied by a pump working conti- 
nuously. It consists of a cylindrical box A of cast iron or of bronze, plac(;d u])on tho boiler B 
with which it communicates by tho valve a, the rod of which is connected with a float C flxe>d to 
one end of the lever c. This box is closed at tho top by a tubular cover c, the inner orifice of 
which is provided with a valve 6, upon tho same rod as the valve a, but turned in tho opposite 
direction, so that one closes when the other opens. 

The box A is in fre^ communication with the feed-pump from which tho water enters by the 
tubular passage d, situated between tho two valves. The pipe e takes tho water back to tho 
reservoir. 

When the valve a rests upon its seat, the other will be withdrawn, and the box a will bo in 
communication with the pipe e. In this position, the water which is constantly supplied by the 
pump will not enter the boiler, but, passing through the valve 6, will pass back to the reservoir 
through the pipe e. If, on the contrary, the valves are in the opposite position, tho water will flow 
only through the valve a, and will thus reach the boiler. 

If we could rely upon the regular working of the float, such an apparatus would bo perfect. 
But any derangement of its mechanism, capable of hindering wholly or in part the play of the 
valves, is of serious consequences, since tho several parts are out of sight, and to remedy the fault 
it is necessary to stop the boiler and to allow it to become sufficiently cool. 

Higginbotham and Oraifs Apparatus. — ^This apparatus is founded upon the principle of the con- 
trivance called a cataract, which, as is well Imown, utilizes a constant flow of water to produce 
intermittent actions by a cock or a valve. 

It consists of a box A, Fig. 2295, placed on the top of a piece with two pipes B and 0 which 
descend into the boiler. The pipe B aescends nearly to the bottom of the boiler, and communi- 
cates with a separate compartment D, inside the box A. The communication may, however, be 
intercepted by a clack-valve a closing from the force of an upward pessure. The other pipe 0 
opens into the space occupied by the steam, and ascends by a continuation G' in the box A, or 
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rather in the interior of the compartment D, with which it communicates at the top when the 
other valve which opens downwards, is lowered. 

Before explaining the action of the cataract, the work of which is to close or open this latter 
valve, let us see more in detail the arrangements which enable the water to enter the boiler. 

The box A is filled with water which may pass in 
part into tiie compartment D, by raising a third valve c, 
shown in the figure by dotted lines. 

Suppose this valve closed, the valve 5 open, and the 
compartment D partly filled with water. The steam 
introduced through the passage C will enter the com- 
partment D, and exerting its pressure upon the water 
therein contained, the same efiect will be produced as 
that explained above in reference to the feed-bottle ; 
both surfaces being equally pressed, the water will flow 
into the boiler by opening the valve a. 

If now the valve 6 be brought down upon its seat, 
the steam which occupied the upper portion of the com- 
partment D, being cut off from its source, will bo con- 
densed, leaving a vacuum, the double effect of which 
is to close the valve a by the predominant pressure in 
the boiler, and to open the bottom valve c by the action 
of the atmosphere which presses constantly upon the 
water in the receptacle A. A portion of the water con- 
tained by the receptacle A will therefore pass into the 
compartment D. 

To complete the description of this Ingenious con- 
trivance, it remains only to explain the method by 
which the valve 6, the prime mover of the whole system, 
is opened and closed at the proper times. 

This valve 6 is connected with the balance E, having 
its point of oscillation above the compartment D. One 
end of tlie balance is provided with a weight F, and the other supports a kind of box G, triangu- 
lar in section, and capable of outweighing, according to its point of suspension, the end P. A pipe 
H loading from a reservoir pours its water into the box G. The pipe has a cock I, connected with 
the arm of a float J, which rises and sinks with the level of the water in the receptacle A. 

If we take the mechanism in the situation in w'hich it is represented by the figure, the water 
flows into the vessel G, which is now outweighed by the weiglit F, a state of things that keeps the 
valve h closed. But the flow through the pipe H continuing, the vessel G is soon sufficiently 
filled to overcome by its weiglit the counterpoise F and the pressure of the steam against the 
valve ft. It therefore sinks, carrying with it the lever E, and giving rise to several simultaneous 
actions, which, for the sake of perspicuity, wo will indicate separately. 

1. The valve ft is removed from its seat, to allow a passage of water into the boiler, under con- 
ditions described above. 

2. The vessel G strikes against the edge of the receptacle A, and pours into it the water which 
it contained. 

3. The water thus received into the receptacle raises the level, and with it, of course, the float 
J, which, in its turn, closes the cock I and stops the flow of water through the pipe H. 

4. The vessel G being empty is outweighed by the counterpoise F ; the lever E ascends ; the 
valve ft is brought up to its seat, and the work of feeding the boiler is suspended. 

From what has already been said, it will be seen that the closing of tlie valve ft causes tho 
water to pass from the receptacle A into the compartment D. Tlie level in A being thus reduced, 
the float J sinks, the water again flows through the pipe H, and tho same actions are repeated. 

With respect to the Icngtli of tho intervals between these various occurrences, we see that tho 
time during which tho valve ft is open is fixed, since it can last only while the vessel G is pouring 
out its contents. Consequently, tho introduction of water into the boiler is effected in equal quan- 
titicis. And the interval between each of such introductions must evidently depend upon tho time 
required to fill tho vessel G. Thus the total quantity of water furnished may be varied by means 
of a cock or other contrivance upon the pipe H. 

It is important to remark, that if the level of tho water in the boiler rises above its normal 
point, on account of a slower production of steam, or by an excess of supply, the introduction of a 
fresh supply will cease ns soon as tho level has reached the lower end of the pipe C. 

It is evident that in this situation, tho steam being unable to reach the top of the compartment 
D, no flow of water can take place between it and the boiler ; but the play of tho vessel G still 
continuing, tho water thus supplied to the receptacle A flows off through a pipe d provided for 
this purpose. 

I^is apparatus is suited to all pressures ; but it docs not seem capable of utilizing feed-water 
of a high temperature relatively to that of the steam, the condensation of which, in the compart- 
ment D, should, in the matter of rapidity, be in a direct ratio with tho play of the vessel G, to allow 
the proper introduction of tho outer water into this compartment D. 

Selfacting Feed Regulator , — This invention is a very ingenious one and likely to produce safe 
results. 

Fig. 2296 represents one of the many arrangements of which this apparatus is susceptible. 

The inventor characterizes tho principle as “ a volume of water in a changed medium that is, 
taken from the siirrounding atmosphere and introduced into a new medium in which the inner 
pressure of the boiler previ^ a medium from which the water may freely flow into the boiler as 

4 r 
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that therein contained becomes exhausted ; the fluctuations of the level in the boiler thus being 
the motive and regulating cause of the supply. ^ ^ ^ .j r 

As shown by the figure, the instrument consists of a bronze case B, fixed on the outside of tne 
iler. in which case moves a cylindrical piece A passing through it. This piece, which forms a 


2296. 



boiler, in which case moves a cylindrical piece A passing through 
kind of register, is the measurer or moving receiver of 
the apparatus ; it is subjected to a rectilineal, recipro- 
cating motion, like a piston or a valve the functions of 
which it discharges simultaneously. 

On each side of the central aperture in which the 
register works there are two channels I) and E opening 
into it. D communicates with a pipe G leading to the 
reservoir of feed-water which is placed a little above g 
the apparatus ; £ communicates with a tube H open- 
ing directly into the boiler, at the height at which the 
level is to be maintained, 

A third channel F communicates with a pipe I 
which opens into the boiler at a certain distance below 
the normal level. 

The piston-valve A is provided with a cavity 0 

pierced with three orifices a, 6, and c. The orifice a is 
on the same side as the pipe D from the reservoir: h 
and c are on the opposite side and at a distance apart j 
equal to that of the orifices of the channels E and F, 
with which they must corresjwnd when the piston is 
in the lower position, whilst in the opposite position 
the orifice a coincides with the mouth of the channel D. r:n:| 

The reciprocating motion of the piston produces the TJHI 
following effects. nnr 

The water from the reservoir, flowing continuously Z“_n~ 

through the channel D, fills every part of the appa- ^ 

ratus, including the pipes H and I, and taking as an example the position represented in the 
figure, that is, the piston A at the end of the stroke, the water contained in the apparatus is in 
free relation with the boiler the pressure of which it supports, whilst its communication with the 
reservoir is cut off by the orifice a sinking below that of the channel D. In this position, water 
may flow into the boiler, but only on the condition that the level in the boiler is below the mouth of the 
pipe U; otherwise no drop of water can pass from the apparatus. 

If the mouths of the pipes H, I, are covered by the water in the boiler, which transmits the 
pressure of the steam, the water contained in the apparatus is in the same condition as mercury in 
a barometrical tube which is too short to bo in equilibrio with the pressure of the atmosphere ; the 
tube would in this case be completely filled with mercury, which, instead of flowing out, would be 
driven up to the top of the tube. 

But when the level sinks sufficiently to uncover the mouth of the pipe H, the steam dividing 
the liquid column may reach the top of it, and exerting its pressure above the mass contained in 
C, the water will be in a medium of e<mal pressure, and will flow through the pipe I under the 
influence of its initial height, from 6 to E, 

It follows from this arrangement, that the apparatus, though constantly in communication with 
the reservoir, will not allow any water to enter the boiler till the level sinks below its normal 
point ; but when this is the case each stroke of the piston may send into the boiler all the water 
contained in the apparatus, a quantity that is replaced by the reservoir when the piston reaches 
the other end of the stroke and brought the orifice a opposite that of the channel D. 

Here, then, we have an ingenious instrument capable of self-action, certainly infallible, and 
requiring no valves or cocks of any kind. Without stopping its action for a moment, no atom of 
water can pass into the boiler while the level is at its normal point, but as soon as the level sinks 
in the smallest de^ee below this point, a fresh supply brings it back to its former position. 

In applying this apparatus to a boiler, it is desirable to place the injection-pipe in that part of 
the boiler where the water is least agitated, which, in the case of fixed engines, will be the part 
farthest from the furnace. In the case of loc/imotives or steam-vessels, the pipes H and I may be 
made to communicate with a r^eptacle placed on the outside of the boiler and forming a kind of 
water-level, the transverse section of which, being small, would render less sensible the accidental 
oscillations of the general level. These are details of practice that may be easily contrived. 

As to the details of the model represented by the figure, they require only a passing notice, 
as the apparatus is merely one of principle, and far from being a definitively cnosen arrange- 
ment. 

The piston A, though turned very exactly to fit the aperture in which it works, is provided on 
each side of its orifices with an elastic band or washer d to prevent any escape. The reciprocating 
motion may be communicated to it in several ways. But as the passage of the water from the 
reservoir Into the apparatus, or from the apparatus into the boiler, takes place at the ends of the 
stroke, the piston should rest a moment in that position. This might easily be effected. 

The parts marked J in the figure ere those by which the apparatus is fixed to the boiler. 

Section of the Injectkm-Tvhe for Condensers. — We have based our calculations of the section of the 
injector and the air-pump of condensers upon the following Table. 

This Table shows, as we might, indeed, have foreseen, that the quantity of water to be injected 
for the purpose of effecting condensation in the same final conditions decreases as the initial pressure 
increases and as the expansion is prolonged. The proportional weight of cold water to that of 
steam expended increases, however, with the pressure, and, as the last column of the Table ^ows, 
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*26 times its own weight of cold water is needed to condense steam at 1 atmosphere, a proportion 
that becomes 27 for 7 atmospheres. 

Table of the Quaetities of Gold Wateb bequistte foe Condensation, this Water being 
TAKEN at 12°; THE CONDENSING WaTBR RAISED TO 35°; AND THE RATIO OF THE USEFUL TO 
THE THEORETICAL WORK OF THE StEAM BEING 50 PER 100. 


PresBure 

In 

atmo- 

spberes. 

Weight of Cold Water to be iiijected to the horse-power an hour, in kilogrammes. 

Batio of the 
weight of the 
Water injected to 
that of the Con- 
densed Steam. 

Pull 

pressure. 

Admission 

* 

Admission 

i 

Admissipnl 

i 

Admission 

\ 

Admission 

k 

Admission 

i 

Admission 

tV 

1 

895 

539 

447 

405 

382 

369 

353 

3,50 

26*18 

2 

812 

487 

394 

352 

325 

309 

288 

275 

26*45 

3 

764 

459 

374 

332 

305 

289 

265 

252 

26*52 

4 

749 

446 

361 

321 

294 

275 

254 

240 

26*76 

5 

737 

438 

355 

314 

287 

269 

247 

231 

26*90 

6 

724 

431 

347 

307 

283 

264 

242 1 

226 

26*92 

7 

713 

421 

343 

302 

278 

1 

259 

238 

223 

27*00 


To show the nse of the above Table, let ns consider the following question. What quantity of 
cold water is required for purposes of condensation in a fixed engine of 30 nominal horse -power, 
the pressure being 5 atmospheres and the degree of expansion 6 to 1 ? 

The Table gives, for these conditions, 269 kilogrammes to the horse-power an hour ; which 
makes for 30 horse-power, 209 x 30 = 8070 kilogrammes or litres an hour. 

8070 

Thus we have to the second =2*241 litres. 

And for a day of 12 hours, 8070 x 12 = 96840 = 96*840 cubic metres. 

This volume of water is considerable, and shows the necessity of considering the capabilities 
of a place in this respect, before having recourse to a condensing engine. 

The water is injected into the condenser through the mouth of a pipe which plunks directly 
into the tank, or which simply communicates with a reservoir fixed at the same height as the 
condenser. 

Though there is no reason why an excess of section should not be given to this pipe as well as 
to the ajutage at the end, and the supply be reflated by a cock, it is none the less profitable and 
interesting to consider the minimum of this section. 

When the pipe plunges directly into the tank, the velocity with which the water will bo injected 
into the condenser will depend on the difierence of the pressure of the atmosphere and the sum of 
the counter-pressure added to the height of the suction. When the water has been previously 
raised to the height of the condenser, the initial pressure is that of the atmosphere diminished by 
the counter-pressure. 

In the former of these two conditions, the height at which injection would be impossible may 
be easily foreseen ; it is the same as for an ordinary pump. Not only must this limit never be 
reached, but at a height which would render the work of suction doubtful the water must be raised 
by means of an auxiliary pump. 

To deduce the minimum section of the injection-pipe, let us assume 5 metres to be the maximum 
height of suction and atmosphere the extreme of the counter-pressure. 

The velocity with which the water will be injected into the condenser, under these conditions, 
will be (see Armengaud’s Treatise on Hydraulic Motors), 

2 X (10*333 — 5"* — 2*667) = 7™ 23 a second. 


The greatest quantity given in the preceding Table is 895 litres to the horse-power an hour, say, 
in round numbers 900, which gives to the horse-power a second = 0 * 250 cubic decimetre, 
or 250 centimetres. Dividing this cube by the above velocity, expressed in centimetres, we have 
for the section sought = 0 345 square centimetre to the horse-power. Thus for an engine of 

20 horse-power, the minimum theoretical section of the injection-pipe, for the given height, will be 
0*345 X 20 = 6*9, say 7 square centimetres. But to retain the necessary latitude, and to com- 
pensate the loss occasioned by friction and by the contraction of the torniinal ajutage, the section 
of this pipe, supposed straight and of the same size throughout, should be, at least, doubled ; the 
preceding example would, therefore, give 14 square centimbtres, corresponding to a diameter of 
42 or 43 millimetres. , , .x r 

Having taken as a basis the greatest quantity of water to be injected to the unit of power, tno 
extreme counter-pressure and the height of suction beyond which it becomes necessary to raise the 
water by means of an auxiliary pump, it seems that we may admit, as a rule applicable to every 

That the aection of the injection-pipe should be practically fixed at 0 7 square cmtiri^tre, or 70 square 
millimetres to the actual horse^power^ taking as a basis the greatest useful power which the engine %s capable 
of developing. 

These dimensions are adopted by many engineers of the present day. 

Dimensiens of the Air-Pump, — The considerations concerning the injection-pipe of the condenser, 

SAi-AR JUNG 
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and the Table on 'which those considerations wero based, enable us to detennine the dimensions of ^ 
the air-pump ; and in our following remarks the references must be understood to be to that 
Table. 

The function of the air-pump, as is well known, is to withdraw continually from the condenser 
not only the water injected with that arising from the condensing of the steam, but also the air 
which is evolved from it. This latter element is the most diilicult to determine ; but as the power 
practically given to the pump exceeds by much the result found by approximation, we may content 
ourselves with a rough estimate. 

It is known that water, at the usual temperature and pressure of the atmosphere, absorbs about 
^ of its volume of air or gases in the condenser, in which we will suppose the pressure to bo 
of the atmosphere, and the temperature from 35 to 38 dogrc'oa. TIjo disengaged air expands 
under the double influence of the diminution of pressure and the increase of its temperature, which 
would then be 23 degrees, rising from 12 to 35. 

Proceeding upon this hypothesis by means of the formula for the expansion of gases, we find 
that the volume of air to be extracted by the pump is etpial to about of that of tlie water. But 
if wo take into account the volume of steam mix(‘d with the air and of an equal v(*lume, we must 
consider the total volume of gases to be extracted as approximatively equal to | |} of that of tlio water 
injected. 

Denoting by P' the weight of the water injected, and by P that of the corresponding quantity 
of steam to be condensed, the total quantity of water which tlic pump will have to extract, at each 

p» 28 

single stroke of the steam-piston, is P' + P, consequently P' + P'. As with water, the 

density of which is taken as unity, we may take the weight for the volume, that is substitute hero 
V for P', we may say, taking into account that of the air above, that the total volume to ho 

extracted by the pump at a single stroke of the driving piston is equal to V = 2*G-4 V. 


Thus, admitting this theoretical number, when we have to injc'ct into the condenser in a given 
time 300 kilogrammes or litres of water, the air-pump should engender, as a miuimmn, in the same 
time a volume of 702 litres. 

If now we w’ish to determine the proportion between tliis volume and that engendered by the 
driving piston, we see at once that it is essentially variable, since we hav(i taken as a basis the 
actual volume of steam expended, which changes relatively to that of the cylinder, according to 
the degree of expansion employed. To determine the principal limits of this proportion, we will 
take those which in the Table indicate the weights or volumes of the condtmsing water for 1 
atmosphere with full pressure, or no expansion, and for 7 atmospheres with admission 

For the fonner of these two conditions giving 81)5 litres of condensing water, the preceding 
rule gives, as the volume of the air-pump, 2 * (»4 x 895 = 2303 litres nearly. 

But for these conditions, Armengaud has shown that the driving piston should engender 


58066 litres ; the ratio of these two volumes is, therefore, = 0*04. That is, the theoretical 

oSUbo 

volume of the air-pump would be only irV of that of the cylinder. 

I*assing on to the second case, admission -jL, pressure 7 atmospheres, which corresponds to 
223 litres of injected water, and to 23626 for the volume of the cylinder, that of the pump would 

589 

be 2-64 X 223 = 589 litres; and its ratio to that of the cylinder = 0*025. 


In this latter case, the volume engendered by the air-pump will bo only of that of the 
cylinder; and if wo had chosen an example with a small pressure and a great expansion, tho 
result would have been smaller still. 

It follows from the preceding that the air-pump, like the condenser, should be proportionate, 
not relatively to the absolute volume engendereil by the whole stroke of the steam-piston, but by 
taking as a >)a8is the volume of steam expended at full pressure. It now remains to see what 
correction should be made in the preceding theoretical proportion. 

Hitherto we have admittcnl a vacuum in which the pressure was at least of the atmosphere ; 
but if ^ be reached, a result which some have enacavoured to bring about, the gases to be 

32 

abstracted will acquire a double volume, say — V, which, added to that of the water, gives for 
/28 32 \ 

this total volume (27 ^10/^”^^ nearly. 

If, as Watt did, wc doul)le this product, to provide for the imperfect working of the pump, and 
for the possible increased power required of the engine and obtained by a lengthened admission 
or an augmented initial pressure, wo shall have tho following simple rule; — 

The useful and effective volume engendered by the air-pump should be equal to 8 times that of the cold 
water injected. 

This rule may be taken as a safr; guide, but it must not be regarded ns resolving tho problem 
in an absolute manner, for an engine is never c/mstructed to develop always the same power, with 
the same dcCTce of expansion and the same initial tension ; and the volume of the pump, which is 
invariable, should be determined by tlie moan power which the engine is capable of producing. 

To compare the results of this rule with the usual data, we will c^onsider two examples. 

First Example . — To find the volume {>f the air-pump for an engine working without expansion 
with steam at 2 atmospheres, the ratio of the useful to the theoretical effect being 

In this case, Armengaud gives 27 *541 cubic metres as the volume engenderea oy the steam* 
piston to the horse-power an hour. 

The Table gives as the quantity of water to be injected 812 kilogrammes. 
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The effective volume, to the horse-iwwor an hour, of the air-pump will, therefore, bo according 
to the proposed rule, 112 x 8 = 6496 litres or cubic decimetres. 

Comparing this volume with that of the cylinder, we find • 

AiOoX 0*1 


This pump will thus have very large dimensions comparatively to the cylinder , for if it is of a 
single stroke, its volume a stroke will bo about This excess is explained by the fact that the 
rule is established for a much more complete vacuum than was obtained in old condensing engines 
without expansion. 

Second Example, — Solve the same problem for an engine working with expansion and 4 
atmospheres. 


The specific volume of the cylinder is, according to the same authority, 42*789 cubic metres. 
The quantity of water to bo injected is 240 kilogrammes or litres ; the volume engendered by 
the pump-piston equals 240 x 8 = 1920 cubic decimetres. 

Ratio of the two volumes = 7 : 777 ^ 


This time the pump would be much less powerful than that usually made. But an engine, 
the nominal power of which is regulated by the exceptional admission of ought to give in a case 
of need the double of this power, by increasing the length of admission to ^ of the stroke of the 
piston. 

Consequently, this ratio would by this only be reduced to one-half, since the quantity of steam 
expended, and as a consequence that of the water injected, is doubled. But for ^ admission and 
4 atmospheres, the quantity of water to be injected is, according to the Table, 294 litres, w iieiice 
the volume to be practically adopted for the pump becomes 294 x 8 x 2 = 4704 cubic decimetres. 


And its ratio to that of the cylinder assumes this last value, ^ = r nearly. 

/ oO 9 


We have nothing to add to these examples, wliich show clearly how the rule we have laid 
down is to be used— a rule that is at once conformable to the proper working of the pump and the 
exigencies of practice. 

Dimensions of Steam~Ports. — Induction and Eduction Pipes, — Section of the Orifices of Inductum end 
Eductim. — The dimensions of the pi[)es and orifices traversed by the steam in passing from the 
boiler to the cylinder, and of those through which it ChcajHis into the atmosphere or into a con- 
denser, is a matter which has not always betm sufficiently considend, and which, even at the 
present day, when the construction of steam-engines is pretty well understood, is somewhat 
neglected by builders. 

This question, considered on purely theoretical grounds, would be an extremely complicated 
one ; but we are now in possession of practical results which enable us to solve it in a very simide 
way and with a high degree of certainty. We shall, therefore, confine ourselves to a gent*i*al 
examination of the facts which accompany the circulation of the steam w hen on its way to tho 
cylinder, or when escaping from it, and to a simple exposition of the priiiciples by the aid of 
which wo are enabhd to determine tho j)ropcr ilimemsions of the passages through which it llow's. 

Communication between tho l)oiler and the cylinder is provided by means of a pipe, circular in 
form, leading from a cook on the boiler tf» the steam-chest, tlirough which the steam is allowed to 
flow in regular quantities by means of certain valves. 

If we suppose, for a moment, that these several regulators offer a passage to the steam, and have 
all an aperture equal in section to that of the pipe, tho steam will flow into the cylinder with a 
velocity easily calculated. If there be no sharp angles, this velocity will be constant thioughout 
the distance, and if the pressure in the lK)iler be considerably greater than tliut in the cylinder, 
it may roach several hundre^d metres a 8 (H*oud. 

To enable us, how'cver, to form an idea more in accordance with fact, wo must remark that at 
the moment when the steam begins to flow into the cylindi'i*, tho piston, which is at the beginning 
of its course, is sot in motion with a velocity immeasurably less than the initial velocity of the 
Btonm. Consequently, the space loft vacant aljovo it is 8 (M)n saturated, and an (‘tpinlity of pressure 
with the boiler being theoretically established, the flow of the steam can tnke phict' oidy with tlM‘ 
advance of tho piston, with a velocity, in the steam-pipe, in inverse ratio with its section and that 
of the cylinder. 

SupjK) 8 e, for example, that tho piston moves with a moan velocity of 1 metro a second, and 
that its superficies is twenty times that of the steam-jnpe, the st('am will flow" through the latter 
with a velocity of only 20 metres a second, instead of from 800 to hOO metres and more ; it will 
acfjuire from 1*5 to 5 atmospheres, by flowing in a medium the pressure of which was constantly 
1 atmosphere. In a non-condensing engine, we may consider as such the medium in which the 
steam flows, for the piston is nothing but a diaphragm interposed between it and the surrounding 
atmosphere. 

It follows from this that, if the circuit of the steam were of very small extent, and without 
sharp angles or other impediments, a pipe having a very small section would be sufficient, since 
the steam is required to move through it with a velocity very much less than it is capable of 
acquiring in those conditions. 

Let us suppose, for example, the lowest pressure of 1*5 atmosphere, no condensation, and, for 
the piston, the high velocity of 3 mhtres a second. The velocity of the flow of the steam into the 
atmosphere, under this pressure of 1*5 atmosphere, is equal to 343 metres. Consequently, tho 
section of a steam-pipo, perfectly uninterrupted and very short, might be reduced, as a minimum, 

o 1 

to the following fraction, ^ -"TTa surface of the piston, below which value the space 

OxO 114 

would no longer bo saturated. The conditions assumed hero as an exam])le certainly correspond to 
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those which allow the steam the least practical velocity, for this pressure is never employed, 
especially in non-condensing engines, and still less in engines whose pistons attain the velocity of 
S metres a second, a speed that is hardly to be met with in locomotives. Consequently, the pro- 


portion 


1 

114 


may be retained for the purpose of comparing it with that taught by practice. 


Instead of short pipes and perfectly regular sections, we have, on the contrary, pipes sometimes 
very long, furnished with cocks capable of narrowing their section ; the slide-valve, instead of 
uncovering the steam-ports at once, uncover them progressively, and in certain cases incompletely , 
the pipes are often crooked and the whole of the passages are liable to be cooled by exposure, 
and so on. 


It is easy to see in what proportions these causes of irregularity influence the velocity of the 
steam, and that it would be impossible to limit the passage to the proportions supposed above. 

On account of these numerous eflects, more easily described than calculated, constructors have 
increased the section of the steam-pipe and of the steam-ports ; these latter, however, depend in 
some degree upon the system employed. But the section of these various passages is limited, for 
the larger the pipes, the more considerable are the lost spaces, and the volumes of circulating 
steam exposed in proportion to their magnitude to the cooling influence of the atmosphere. 

These observations do not apply to the eduction-pipes which may have throughout their length 
as large a section as possible, if a portion does not serve alternately for the ingrens and egress of 
the st^m. This is one of the reasons which have led builders to adopt special Auction-pipes. 


It is of special importance to give a sufiicient diameter to the eduction-pipe of a non-condensing 
engine, especially when this pipe ascends to a great height ; for the vclrxjity of a gas will bo 
greatly retarded when the ratio between the diameter and the length is very considerable, and 
this occasions a resisting pressure at the beginning of the passage. It is certain that a fault of 
this kind may completely derange the performance of an engine, in other respects in perfect order. 
To avoid this error, especially in the case of small engines, it will be necessary to calculate 
s^iaUy the ratio to be established between the diameter and the length of the outer eduction- 
pipe, so as to reduce this counter-pressure to a degree that is not hurtful. 

To reduce to figures the foregoing facts upon which wo have been reasoning, wo have drawn up 
the following Table, indicating the proportions ad^ted in several kinds of engines, by builders, for 
the induction and eduction pipes and orifices. These engines are characterized in the present 
Table by their nominal horse-power, the initial pressure of the steam, the degree of expapsion, and 
the diameter and surface of tne piston. Several have two cylinders ; but the dimensions given 
refer invariably to one only. 

Examination of the succeeding Table . — The first thing that strikes the attention on examining 
this Table is the want of agreement among the results found, even if we separate each kind of 
engine, which shows that all builders are not agreed as to the proportions to be adopted between 


the surface of the piston and that of the steam ports and pipes ; or that a certain degree of varia- 
tion is possible without injuriously affecting the working of engines ; for all those given in the 
Table are of recent construction, and work satisfactorily. 


Another remarkable fact is that M. Fargot’s engines have the smallest passages, and these 
engines are known to be very carefully constructed, and to reach the highest degree of utilization 


of fuel. But it must be remembered that they are regulated for a very considerable degree of 


expansion. 

If, however, we examine this series of fixed engines, the mean speed of the pistons of which is 
about 1 metre a second, which engines are all expansive and of a pressure varying from 2 * 5 to 5 
atmospheres, we shall see generally 

1. The section of the steam-pipe varies between ^ and of the superficies of the piston, 
without the variation being justified by the special conditions of the engine. 

2. The section of the steam-ports, which might be greater than that of the steam-pipe, through 
which the flow is continuous, exceeds it only by a very little. 

3. The exhaust-pipe, between the exhaust-port, the cylinder and the condenser, or the atmo- 
sphere, is of a larger section, varying from to ^ of the superficies of the piston, the largest 
section ^ corresponding to the escape into the atmosphere. 

4. The section of the exhaust-port is equal to that of the pipe ; nothing hinders it, however, 
from possessing very large proportions, except the increase in the surface of the slide-valve. 

Passing on to the locomotives, the pistons of which move at a speed nearly three times that of 
fixed engine pistons, we notice a considerable increase of the sections of the steam passages, and 
particularly those of the ports ; the exhaust-pipe, which is also very large at the beginning, is, on 
account of its particular functions, diminished in a variable manner at the opposite end, which 
prevents us from nving it a value proportional to that of the piston. And in locomotives, the 
steam-ports would ^ ^ and the exhau^port | of the superficies of the piston. 

In marine engines we remark the same proportions as in fixed engines, though the conditions 
of pressure, expansion, and speed of the piston are slightly different. There is, however, an 
enlargement of the steam pf^ges, and particularly of the exhaust ports and pipes, the section of 
which reaches ^ and sometimes X of that of the piston. 

The Table contains one example of a road engine of small power, but great speed, the various 
parts of which engines are usually of small dimensions. The sections of the pipes and ports are 
the same as in the fixed engines, and the speed of the piston is not greater, ft might have been 
supposed, however, on account of the freouent pulsations of the mechanism, that this was precisely 
the case in which a large section should be given to these passages; but the loss of steam would 
have been greater, and the builder deemed it expedient not to increase the dimflnairm ff, 

The preceding facts demonstrate that much is gained by providing separate channels for the 
ingress and the egress, and by suppressing those situated between the slide-valve and the interior 
of the cylinder , this will allow us to give a larger section to the various orifices. It is useless to 
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Of the small piston. * In the small cylinder. * Diameter of the small cylinder. ** Escape from the small to the large cylinder. 

• Small cylinder. ^ Effective opening. s The same as for the introduction. 
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increase the size of the exhaust-port ; the steam, to reach it, must traverse the same channel of 
reduced section by which it entered. 

Lineal dimensions of the Ports. — The steam-ports being rectangular, the proportions of their sides 
may have different values, among which we have to seek the most advantageous. 

From the point of view of the quickest opening, that is, of the largest passage offered at the 
beginning of the stroke of the slide-valve, supposing the same metho<l of working the valve, tlio 
ratio between the height and the breadth of the orifice will bo of no consequence, for each fraction 
of the surface uncovered being, like the whole surface, proportional to the stroke of the valve, it 
follows that, whatever this ratio of the two dimensions may bo, a given fraction of the stroke always 
corresixmds to the same fraction of the surface uncovered. But if we consider all the functions of 
the slide-valve, we shall see at once that, on the contrary, there are weighty reasons for mining 
the orifices broader than highy that is, in tiie form of a narrow rectangle, haying its short sides in the 
direction of the stroke of the valve. Indeed, the total surface of the valve is, in every case, propor- 
tional to that of the orifices, or, to bo more exact, will have the same external surface, whatever 
the ratio of their sides may be; consequently it will bo subject to the same pressure. Now tho 
work which its friction absorbs being the product of this pressure by tho space passed over, to 
reduce this resistance to its minimum we must evidently diminish this space as much as possible ; 
that is, lengthen the orifices, and place the short sides in the direction of the stroke of the valve. If 
the valve be worked by means of a circular eccentric, we have another reason for reducing the 
stroke as much as possible ; for the general dimensions of the circular eccentric increase in very 
great proportions with the stroke which it has to produce. 

This being the general rule, the ratio to bo adopted is not absolute. Thils, it is necessary, in 
the case of a short cylinder, to lengthen considerably the orifices in order to re<luce the length of 
the steam-chest ; with a cylinder of ordinary proportions tlie same reason dot's not exist, but tho 
question of tho eccentric remains. For examples, we call attention to Fargot’s engine of GO horse- 
power, which has a long stroke, and to Mozelinc’s engine of 1000 horse-power, which, on the 
contrary, has a relatively short stroke. 

In tho engine of GO horse-power, the induction-ports arc 5 centimetres by 17, wdiich corresjionds 


to tho ratio — — . 


In the marine engine of 1000 horse-power, the whole breadth of these orifices is 


125 millimetres, 80 millimetres of which are uncovered by the valve for the introduction, and tho 
whole breadth for the egress ; the length is equal to 1“ * 500, in two parts of 0 * 750 each. Taking as 

a basis the quantity uncovered, the ratio of the sides of these orifices would b(i 8 to 150 = • 


These two examples are intendcxl to give an idea of wdiat may be found in practice, but they 
will lead to no rule. Each particular cijse will re<|uire diflen nt i)r()portionH whicli cannot jiossibly 
be foreseen. In engines of two cylinders it is desirable tt) give the same length of stroke to each 
of the two slide-valves, in order that they may be worked by the same eccentric, or the same con- 
trivance, and to this end the orifices of the two cylinders being of different sectioufl and requiring 
to possess an equal height, those of the smaller cylinder are nuule nearly sejuaro. 

It seems to us unnecessary to dwell longer on a subject wliich rests upon such unfixed bases, 
esj^cially as we believe the pr(*ceding Table, which shows tlie proportions adopted by experienced 
builders, to be a suflicient guide in practice. 

Figs. 2297, 2298, are of the condensers of the Mooltan and other vessels: those condensers were 
constructed under the 8ur»erintendcnce of lid ward Humphrys, after the designs of tliat ingenious 
and well-known inventor Samuel Hall, of Basford. The Peninsular and Oriental Company’s ships 
Mysore and Rangwn, of 400 nominal horse-i)OWcr, were furnished with condensers by Humphrys 
like those exhibited in Figs. 2297, 2298. The Ixiilers of esch of the last-nanujd ships contained 
4800 square feet of heating surface, and the condensers of 'the Mysore and Rangoon contained 
4712 S(iuare feet of condensing surface}, and those of the Mooltan 4200 square feet. The indicated 
power of the Mooltan wlien tried officially was 1734 horse-]>ower , lienee tho area of condensing 
surface for each indicated horse-power was rather h?s8 than 2^ sejuare feet. 

For convenience of manufacture and arrangement of these engines, the condenser of each is 
divided into tw’o parts A A, Fig. 2297, each part being exhausted by its own air-pump B, Fig. 2298, 
TO that each pair of engines is jirovided with four air-pumps ami four condensers. The air-jmmp B 
is 18 inches diameter witli a stroke of 3 feet. These dimensions b(;ing used by Humjihrys with 
injection condensers in engines of the same nominal jiower, he believes they arc larger than neces- 
sary for surface condensers of engines in good condition, with condensing water at the avorago 
temperature of the sea in this climate ; but as these engines had to bo employed in the Indian 
seas, it was considered expedient to jirovidc largo air-pumps and largo pumns for circulating tho 
condensing water, so as to allow of almost any quantity of condensing water being driven through 
the condensers that may be found necessary in an Indian climate. The air-pumps B discharge 
their water direct into the boilers through the nipe C, according to Hall’s plan, so that no fe^- 
pumps ore necessary. The air which leaks into the engines is allowed to escape by an open stand- 
pipe connected to the highest point of the feed-pipe, and carried up inside the mast, which is of 
iron, to a greater height than is due to the pressure of steam in the boilers. A valve regulated by 
a float was originally fitted to the Mooltan for allowing the escape of the air ; but it was found to 
require some little attention, and hence the stand-pipe was substituted which answered perfectly 
without much attention. 

Each condenser A A, Figs. 2297, 2298, contains 1178 seamless drawn pure copper tubes, | in. 
outside diameter and No. 18 wire-gauge or *050 in. thick, 5 ft. 10 in. long, weighing 28 oz. each 
tube, and fixed at 1 in. pitch centre to centre, ns shown in Figs. 2299, 2300. The tube plates of 
the Mooltan are of cast gun-metal } in. thick; but those of the Mysore and Rangoon are of rolled 
copper, finished f in. thick. These are first set as flat as possible, and the tube-holes marked out 
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upon them. The holoe eje then drilled nnaer a common drilling machine with a drill of two 
diamotra, Bhown in Fige. 2301, 2302, having a guard D upon it to fix the depth to which the 
I One machine, worked hy on ordinary driller, drilled 

the 1178 holes in the tuhe-plate m seventy hours. The topping of the holes is then proceeded with, 



and is effected with a tnp, s.iown in Fijjs. 2oi 3, 2304, having a parallel end E to guide it, which 
fits the smaller diameter of the tube-holes. One man of ordinary skill tapped the 1178 holes in 
seventy hours. After having been drilled and tappet!, the tube-plate is again set perfectly flat on a 
surface-plate, and then both sides are faced off in a lathe or planing maehinea 
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The screwed glands F.P, Fig. 2299, for securing the paokii 
from Muntz* metal 8olid>rolled tubes, which are obtained in le 
both inside and outside : the inside diameter is exactly that 


f at the ends of the tubes, are made 


in len^s of about 5 ft., rolled to gauge 
that of the outside of the copper tubes, 


namely -I in., and the outside diameter is such that when screwed it will exactly lit the tapped holes 
in the tube-plates. It is screwed on the outside as it comes from the maker in a common screwing 
machine, as shown in Figs. 2805, 2806, and is then cut by a circular saw into ^-in. Icngtlis to 
form the glands. The saw marks are taken off the ends by a 

facing cutter revolving in a lathe, shown in Figs. 2307, 2308, and 2306. aaoT. 

the same o^ration clears out the inside of the hole. The notch for r— 

tlie screw-^ver is out by passing a number of the glands, when 
screwed into a plate, under a revolving circular saw of the requin d 
thickness. The packing is oompo^ of linen tape ; a piece of this 

tape, 12 in. long and ^ in. wide, is wound round a mandrel, the J 

ends and edges being Sightly stitched, in which state it is readily | | 

put into the tapped holes of the tube-plate, and when screwed down ^ | | 

oy the gland forms a ver ‘ ' ' ^ ^ 


by the gland forms a very perfect and lasting joint. The thick- I 

ness of the tape is such that 1000 of these packings weigh about 

2 lbs. y[ III 

The exhaust steam from the engines passes down through the 
interior of the condenser tubes, and the sea-water for keeping the ^ 
tubes cold is driven up through the spaces between the tubes. The 
sea-water is admitted through an inlet-pipe fitted with a slide-valve ^ ^ 
at the bottom of the ship, and enters the condensers at the l)ottom ' 
by the pipe G, Fig. 2297 ; it then circulates round the outsides of 
the tubes, and makes its exit through the regulating valves H H at 
the top of the condensers, at about the load water-line of the vessel. 

The valves H H answer the purjiose of regulating the flow of sea- 
water equally through the two divisions A A of the condenser, and 
also of shutting out the water from above when the outsides of the 
condenser tubes have to be examined. The flow of water is pro- 1/ f \ A 

duced by one of Appold’s centrifugal pumps, the diameter of the ij ( J ]J 

revolving disc being 36 in. ; it is driven by a pair of wood and iron VV J !j \Ck\K 
spur wheels, the proportions of which are about 1 to 8^, so that at V 

the ordinary speed of the engines of the Mooltan, namely, 56 revo- 
lutions, the pump made 194 revolutions a minute. Two of these 

pumps were provided, the second being driven by an auxiliary engine to be used in case of the 
failure of the other. 


The condensers of the Mooltan, in 1862, had run 42,000 miles ; and at the end of 30,000 miles 
the engineer examined the inside and outside of the condenser tubes, and found the outsides per- 
fectly clean ; but inside there appeared a slight coating of grease resulting from the lubricating 
material employed in the interior of the engines. This was, however, so slight as not to affect the 
action of the condensers ; the vessel ran the last 300 miles of the 30,000 at an average speed of 
60 revolutions a minute with 24 lbs. steam in the boilers, and the vacuum in the condensers sup- 
porting a column of mercury 27^ in. high. A very careful examination of the inside of the boilers 
showed that the action of tue surface condensers, returning always pure water into them, is likely 
to ensure their continued efficiency, as there was no appearance of deterioration whatever. The 
lubricating material employed in the engines collects in the boilers, adhering to the sides and stays 
about the water-line, and is to be found in large lumps in the bottom water-space below the 
furnaces ; this requires to be taken out occasionally, otherwise, in the opinion of the engineer in 
charge, it causes the lK)ilers to prime. 

Before determining on adopting exactly Hall’s mode of manufacture for the condensers, although 
his experience of it had been very favourable, Humphrys examined the other plans for surface 
^ndensation, in most of which the joints between tlie tulles and tube-plates are made with vulcan- 
ized india-rubber ; but having understood that a chemical action took place between the copper of 
the tubes and the sulphur employed in preparing the india-rubber, and not being able to discover 
in the new plans any advantage over Hall’s condenser, he adhered to this construction in the con- 
densers of tne Mooltan. As regards the action of the vulcanized india-rubber on the copper tubes, 
the writer placed a piece of copper tube inside a piece of vulcanized india-rubber tube, and care- 
fully washed and weighed the copper tube every month, and found a gradual decrease in its 
weight. 

In desiring the engines of the Mooltan no provision was made for cleaning either the insides 
or the outsides of the tubes of the condensers, except that the connection between the condensers 
and cylinders was so arranged as to admit of the rti^uiy removal of the entire condenser case with 
its tubes. Each condenser case is e rectangular vessel about 2 ft. 10 in. by 8 ft. 6 in., and 
5 ft. 10 in. high, as shown in Figs. 2297, 2298; and by removing the bolts in the joints I and K at 
^p and bottom, the entire condenser with its tubes can be drawn out clear of the cylinder, and the 
inside of the tubes can then be cleaned, the tube-plates ^ing in this case of gun-metal cast with 
the edge thickened 4 in. all round on the outer face, so as to clear the projecting glands of the tube 
ends. The two condensers of one engine might be removed, the tubes cleaned, and the condensers 
refixed in forty hours ; but up to 1 862 there was nothing in the state of the condensers to indicate the 
necessity of cleaning either the insides or outsides of the tubes; indeed the outsides were cleaner 
and brighter than when the tubes were first fixed in their place. VhiQn it becomes necessary to clean 
the insides, it is recommended to apply a solution of caustic soda by filling the condenser with it 
up to the top of the upper joint I ; tnis was also the practice followed ^ Hall with success in his 
condensers m 1887. inde^ Hall's condensers were employed in the Penelope for more than six 
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years, and the en^eer in charge during that period stated that with the exception of occasionally 
cleaning out the insides of the tubes by the application of a solution of soda and water, the con- 
densers never gave an hour’s trouble. 

The illustrations, Figs. 2809 to 2811, are of David Marshall’s plan for packing surface con- 
densers. The tube packing of Marshall is simple, effective, and reliable; it reqiures neither 
screws nor glands to effect the required tightness. 


2309. 
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Beferences : — A, Elxhaust steam inlet from engine cylinders. B, Outlet to air-pump of engine. 
C, Inlet fur circulating water. D, Outlet for circulating water. E, F, Poi table covers or doors. 
G, The tube |)acking. The circulating water in centre of packing presses outer ring to tube-plate 
and inner to tube, thereby making a perfect tight joint, and still allowing tube to expand. H, Front 
view with door od', showing tubes and packings. 1, Longitudinal section, showing tubes, padcings, 
and doors. J, Front view with door on, showing inlet and outlet C, D. 


’The efficiency of this packing has been carefully tested on board many ships. Andrew Brown, 
one of Simon and Co.’s engineers, states that when one of their ships, the Africa, was running 
with 60 lbs. pressure, the vacuum was steady at 27^ in. of mercury, and that all the joints mad© 
by this packing were perfectly tight. 

Fig. 2812 is an eh-vation, and Fig. 2313 is a section, of a simple form of feed-water heater, 
invented by 11. N. Waters, and intended to be used with non-condensing engines. Referring to 
the section, Fig. 2813, it will be seen that the heater consists of a reservoir or casing A, into which 
the cold water Hows from a cistern through the pipe B and perforated pipe or sprinkler C, this 
latter distributing it in the form tif a number of fine jets. The flow of water is regulated by the 
sock U, so that it is maintained at a pro|)er level in the casing, as shown by the glass gauge G. 


2313. 




2318. 



The exhaust steam from the engine enters throngh the pipe D, and impinges apilnst the 
deflector B, which deflects it downwards again against the sprinkler 0. That portion of the 
steam which is not condensed passes round the edges of the deflector E to the exit-pipe F at the 
top of the apparatus. The feed-pipe I, loading to the pump, is turned down inside ^e reservoir, 
and terminates about 4 in. above the bottom of the casing, so that the pumps dmw without 
disturbing the sediment. At the liend of the pipe I there is attached im air-pipe J, which extenjm 
upwards Sbove the highest water-level M in the reservoir. This pipe is for the purpose of admit- 
ting air or steam to the pumps through tlie pipe I when the i^ter-Ievel falls b^w toe Hue N, w 
that toe pumps cannot «aw off the water below that level. When the paml> is situated below the 
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pipe I, the water will flow out to tho level N of the bottom of the inside of the pipe ; but when the 
pump is above I, the lowest water-level prociucible will be on a line with the top of the inside of 
the pipe L At L is a hand-hole for giving: access to the interior of tho heater for cleaning or 
other purposes ; while K is a plug for drawing off the water from the casing when desired, and P 
is an overflow-pipe, or plug, to prevent the water from rising sufliciently high to enter the pipe D. 

In addition to acting as a water-heater merely, the arrangcmiont we have described serves to 
collect the major portion of the solid matters contained in the feed-water, and thus greatly dimi- 
nishes, and in many instances entirely prevents, the formation of scale in tho boilers. By the 
employment of the sprinkler the water is brought into such intimate contact with tlie exhaust 
steam that it is raised quite to the boiling-point, and the arrangmnent of the reservoir and fe(*d- 
pipe allows the solid matters which become separated at that temperature to be defiosited before 
the water is pumped into the boiler. 

Fig. 2314 is a section, and Fig. 2315 a plan, of heater with cover removed, showing the form of 
a rose. This arrangement was invented by Thomas Aimers. Tho li eater consists of a cylinder A, 
into which the cold water is introduced by pipe B, having a regulating cock (J to maintain water 
at a proper level in the cylinder. On the under-side of the cover of the cylinder there is a rose I), 
into which the water flows from the pipe B ; this rose is bored full of small holes, as shown in Fig. 
2315, but tho part immediately over the exhaust-pipe E has no holes in it, so that the water falls 
around the pipe in a continuous shower, and thus any water is i)revcnted from entering tlio 
exhaust-pipe and becoming a drag upon the engine. The exhaust steam from the engine enters 
through the pipe E and impinges against the curved part of the rose ; this throws it out upon tho 
shower of water, through which it must necessarily pass before it mnki?s its escape through tho 
exit-pipe F, and the holes in the rose being more numerous over the entrance to that pipe, the full 
benefit is got from the steam. The feed-piiK? (t leading to the puinj) is placed at a considerable 
distance from bottom of cylinder, so that the pump can draw without (listiirbing the sediment. 
H is an overflow-pipe to prevent the water rising sufficiently high to enter pipe E. 

This arrangement always gives an abundant 8U]>ply of water almost at the boiling-point, by 
turning the cock C full on, njid allowing the extra water to run through the overflow into a cisteni. 
For a factory where hot water is much used this is a great advantage. The condensation of the 
steam is complete, and effectually takes off all back pressure from the engine. 

2S14. 2318. 




T/^ Siphon Feed-water JRefjulator and Purificry Fig. 2310. — The ohjects intemled to ho accomplished 
by this contrivance arc fourfold ; the regulation of the wat(-*r hul to a 8teani-lK)iler ; the absolute pre- 
vention of low water ; the prevention of explosions, or injury to lx)iler8 so fref]ucntly caused by un- 
equal expansion and contraction from the variable temi>orature at which water is usually fiMl to tho 
boiler ; and tlio purification of the feed-wate.r before reaching tho lioiler, and tho deposition and 
easy removal of the deposit. The apparatus is very simple iu construction and entirely automatio 
in operation. It is, in reality, a siphon, the short leg of which is alternately a conduit for water 
and steam. Fig. 2316 is a section showing its intenial o/mstruction. The reservoir or dome A is 
of iron, in the form shown, Ixdted to the top of the boiler at tho point deemeil most convenient. 
At its top it receives a pipe B connected with the feed-water pump and is tho water supply pijKJ. 
The passage from the interior end of this pipe to the dome A is governed by an ordinary upwanl- 
lifting valve, or check-valve. Just below the inlet-pipe B is the pipe C, connecting with the steam- 
space of the boiler, having its lower end at the desired level of the water and forming the short log 
of the siphon. Near the Ixittom of the dome is another pipe D, fonning a communication witli the 
dome and the water-sp^ of the boiler, its lower end reaching nearly to tho b>iler bottom. Tliis 
is the long leg of the siphon. Both those pipes are open at the bottom, and each is provided with 
cocks to be used, if n^^essary, to close communication between, the interior of the dome and the 
boiler when the dome is to be cleared of the sediment deposited by the water. Inside the dome is 
a hollow lever float E nivoted to tho rod F and lialanced ny tho adjustable weight O. 

When the water falls below its proper level, ex|) 08 ing the open lower end of the pipe C, steam, 
of course, pass^ up into the dome A, and the water contained in it and supporting the float E will 
descend, carrying with it the float and opening the valve to tho inlet of water through the pipe B. 
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So long &8 this ralve is open, water will consequently be forced in by the pnmp throngh the pipe I) 
to near the bottom of the bouer. Soon as the water rises sufficiently to cover the end of the pipe G, 
no more steam will enter the dome, equilibrium will be restored, and the valve closed. If the 
pump is kept continually at work a side pipe may be used to carry off the overplus of water. Tbua 
the height of water in the boiler will be automatically preserved at an absolutely uniform level. 

The apparatus heats the feed-water in the chamber A to the same temperature as the water in 
the boiler, thus preventing the unequal expansion and contraction of the iron. In addition to this 
office of the apparatus, it is intended also to separate and precipitate the salts and earthy matters 
hold in solution, as the water admitted to the dome becomes vaporized by the steam admitted 
through the pipe C, and consequently parts with its impurities, which, being specifically heavier, 
sink to the bottom of the dome, from which they can bo readily removed on taking off the top of 
the dome. Applied to marine or other boilers subject to foaming, the apparatus will work as a 
regulator to the feed, as well as where there is no such annoyance. 

PacMnij for Pistons, — This packing, introduced by 6. M. Miller, consists of two rings, pressed 
outwards against the cylinder by the pressure of the steam as it acts on the alternate faces of the 
piston, without the use of any springs. The construction of the piston is shown in Figs. 2317 to 
2319, as used by Miller in the locomotive engines on the Great Southern and Western Kailway of 
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In3land. The piston is of cast iron, 2 in. in thickness and 15 in. diameter. Two square grooves 
A A arc turned in the edge of the piston, J in. in width and » in. apart, and a corresponding steel 
ring is fitted into each groove, the rings being divided at one part with a plain butt-joint, and 
sprung over the piston into their places. Two small holes B B, J in. diameter, open from each face 
of the piston to the bottom of the ne^irest groove, whereby the steam is admitt€Hl behind the pack- 
ing ring and presses it out against the cylimier so long as the steam is acting upon that face of the 
piston. The alternate notion of the two rings is cx)ntinued as long as the steam is acting on the 
piston, one of them being always pressed steam-tight against the cylinder. 

In Figs. 2320 to 2322, is shown one of the pistons with brass rings which .are { in. width and 
in. thickness, the piston being 3^ in. wide. 



Another form of the piston has been used in oases where the piston is desired to be fluA on 
both faces or to fit a cylinder with fiat covers ; in this a circular flat head forged utou the 
rod is fitted between the turned faces of the two halves of a cast-iron piston, which are held 
together by turned pine riveted over, forming a hollow piston flush on both faces, fast upon the 
piston-rod, and without any loose part besides the two packing rings. ^ 

The ends of the rings where divided are made with a butt-joint, as m Fig. 2319 ; or mxh a 
lapped joint, as shown in Figs. 2823. 2324, The piston body is turned to pass tl^ugh the^li^ 
easiiy ; and the joints of the rings have been found to be practically steam-tighti In some cases 
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the joints have been tongned, as shown in Fig. 2B22, but in Hiller's experienoe this has not bjra 
found requisite; the butt-joint has invariably worked well, whilst it has the advantage of perf^ 
simplicity of construction. In pistons where the packing ring travels over the opening of pe 
cylinder port a small stop is fixed in the bottom of the groove, entering a short slot in the pacUng 
ring, to prevent the ends of the ring coming opposite the cylinder port, but still leaving the ring 
free to travel round a little in the piston grooves; but it is preferrM for the packing rings not to 
travel over the cylinder ports. 

3333. 3336. 



Another form of joint for the packing rings is shown in Figs. 232.5 to 2327» intended to be used 
in a stationary engine with cylinder 10 in. diameter. A brass stop-piece C, 1 in. thick and 4 in. 
long, is placed in a recess at the back of the joint, serving as a cover to the joint at the top and 
bottom by projecting \ in. in thickness on each side of the ring. 

These steam-packed pistons have been used more than seven years in the locomotives of the 
Great Southern and Western Railway, and have proved so satisfactory and advantageous that their 
use has been extended to all the locomotives working upon that line. The following are the results 
of the working in the engines running from Dublin, as regards the durability of one set of rings, 
the period of their wear, and the mileage of the engines whilst wearing them out. Nineteen 
engines working with one set of steel rings averaged 33,020 miles and lOj^ months’ running, one 
engine having worked for three years and run as much as 98,073 miles with one set of packing 
rings. Five engines working with one set of brass rings under the same circumstances averaged 
30,986 miles and nineteen months’ running, the greatest work amongst them being 2^ years and 
42,197 miles. Twenty other engines with steel rings which were in use in 1862 also averaged 
40,444 miles and twenty-one months' work, one of these having worked for 3| years and run 
94,399 miles with the original set of rings. 

The general result of the above is that one set of steel packing rings have lasted 37,000 miles 
and nineteen months’ work, and one set of brass rings 31,00i) miles and nineteen months’ work, the 
difference in durability being about 16 per cent, in favour of the steel rings. In some of the indi- 
vidual cases of the pistons with steel rings, a very considerable variation from the average result 
of 37,000 miles is found in the durability of the packing rings, some of them having lasted 2f times 
the average and some only as much below the average. In the case of the brass rings the variation 
is not so great, amounting to IJ times the average in the highest and about as much below the 
average in the lowest. This variation in wear has not been fully accounted for; it may have 
occurred from a different character of metal in the cylinders, from priming of the boiler, and from 
the presence of grit in the water ; but the writer has reason to believe that the rings have been 
frequently put into work and set with a pressure upon the cylinder from their own elasticity, thus 
caiwing a source of wear. It is found the best plan to turn the rings to the exact diameter of the 
cylinder, and to put them in without any spring upon them, so that they are not subjected to any 
wear except when the steam is acting on them. The steel rings are now slightly tempered, to 
admit of their being sprung into the grooves without altering their form. In all these pistons the 
steel packii^ rings were f in. thick originally and | in. wide, and they were worn down to about 
( in. thick in the thinnest part before being removed. The brass rings are worn down from in. 
until they are ^ in. thick. It must be remarked that when opportunities occur, as when engines 
ore nnder repav, the rings are taken out and re-set to the size of the cylinder. 

It is found in practice that two steam-ports of | in. diameter are quite sufficient for each of the 
steel pacing rings, drilled in the position B B shown in Figs. 2817 to 2380. The rings must bo 
i^e to fit easily in their grooves, so as to move freely, with a clearance of X in. at the bottom of 
the grooves for the steam to pass round behind the rings. No difficulty has been experienced from 
the steam passages becoming stopped up with a moderate use of tallow in the cylinders. 

The use of this piston packing in locomotive engines has been productive of economy by reducing 
the friction and by prolonging the wear of both pistons and cylinders. It will be obst^rved that 
cinly one ring is in action at the same time, and that when the steam is shut off, as in descending 
inclines and approaching stations, the piston is free to move without any friction. The oi)eratkm 
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of potting in ** Bimply to fit the cylinder is extremely easy, whilst neat care and 

tain\*^ required m ^ving springs the requisite degree of elasticity and in malring them main- 

i^umber of stationa^ engine pistons are working with these packing rings, and they have 

thoroughly satisfactonr, giving an advanta^n rSuS of frir*’* ^ 

m preserytog the cylinder f^ in Mrfect condition. In one case of the engine of the 
Paoer Mill nw Dubl^ with vertical cylinder 18 in. diameter and 2J ft. stroke, working wuu 
60 lbs. steam, the cylinder had previously been worn considerably out of truth and muoh grooved, 
and one of these pistons was put in having two steel rings of | in. width and f in. thickness, and 
was in constant work for four years without the packing rings requiring renewal. They havo 
lately been taken out for examination, and were found to be still J in. thick ; and the cylinder from 
its previous defective condition has been brought completely to truth throughout, with a highly 
polished surface. 

These packing rings have also been used for four years for Pump Buckets, and have proved 
very satisfactory. In one case of a double-acting pump 8 in. diameter, shown in Fig. 2828, the 
two packing rings A A are of brass, ^ in. wide and ^ in. thick, and are pressed out by the pres- 
sure of the water acting at the alternate faces of the bucket through two ports B B, ^ in. diameter, 
similar to those in the steam-pistons. This pump had two years* constant work at quarries and 
bridge foundations upon the Great Southern and Western Kail way, before the packing rings 
required renewal. 

In the case of single-acting pumps the bucket has only a single packing ring with ports open- 
ing from the upper side, as shown in Fig. 2329, which represents a pump bucket 5 in. diameter 
that has been working constantly for 2^ years at a station on the railway near Dublin. The 
packing ring A was originally | in. wide and ^ in. thick, and has worn less than in. in the 
2J years. As the diameter in this case is too small to allow of the ring being sprung over 
the body of the bucket into its place, it is put in by means of a junk-ring D screwed on at the 
under-side of the bucket, as shown in Fig. 2329. 



An application of tlio sii.ae c.onstruction of packing that has also boon made to the gland 
packing of a 9-in. pump-plunger is shown in Fig. 2330 ; in which two brass packing rings are 
used, I in. wide and ^ in. thick, just like the piston packing rings, except that they act in the 
opposite direction, being pressed inwards upon the plunger by the pressure of the water through 
the ports B B. 

S'ai/lor'a Safety-Valve . — This improvement in the construction of the safety-valves at present in 
use on locomotive, marine, and stationary engine boilers, for the purpose of preventing the pressure 
of the steam whilst blowing off through the safety-valve from rising beyond the limit to which 
the valve is adiustod. This rise of pressure during blowing off is found to take place to a greater 
or less extent in all steam-boilers with ordinary safety-valves, including locomotive, marine, and 
stationary Iwilers; but it occurs esp(*eially with locomotive boilers, where the safety-valves are 

E ressed down by levers with spring balances at their extremities, and the rising of the valve in 
lowing off causes a lifting of the lever and a considerable extra extension of the spring balance 
and consequent increase of pressure upon the valve. 

From experiments made by W. Naylor with locomotive boilers, he believes that a clear avau* 
able opening of ^ of a sq. in. will allow the steam to escape as fast as it can be generated in 
a large locomotive ooiler at a pressure of 120 lbs. to the sq. in., when the engine is not consnmmg 
steam by running, and with the help of a steam-jet in the chimney. Taking the theoretical 
velocity of steam at tliat pressure issuing into the atmosphere as 1900 ft. a second, the practical 
velocity of the issuing steam, allowing for its friction in passing the safety-valve and the resistance 
of the atmosphere into which it has to flow, may be assumed at 70 per cent, of this amount or 
13^ ft. per second. This velocity with the above-named opening of of a sq, in. gives a di^ 
charge of 11,172 cub. in. of steam passing off per second. Taking the relative volume of st^m to 
water at that pressure as 203 times, this is equivalent to an evaporation of about 12 gallons of water 
A minute (11 ; or a consumption of about 8 cwt. (7*99) of coal an hour, taking the evaporative 

duty at 8 lbs. of waiter the ib, of coal. ^ . js a ^ 

The preeent Wr ge locomotive boilers are made some with two aaf^y-valves of 3} in. diameter, 
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flome with two valves of 4 in. diameter, some with two of 5 in. diameter, and some engines are 
working with four valves of 8 in. diameter ; the valves being loaded by spring balances through 
levers, or in some cases by a spring acting direc^ withont the intervention of a lever. When the 
spring balance and lover are used, the proportions of the lever are generally arranged so that 
1 lb. pressure of the balance is ^ual to 1 lb. the sq. in. on the valve; and then the perpendicular 
lift of the valve in opening multiplied by the number of square inches in its area gives the distance 
that the outer end of the lever has to move to allow the required opening of the valve; and this 
lift of the lover end multiplied by the number of lbs. to the inch in the graduations of the spring 
balance gives the number of lbs. the square inch of additional load put upon the valve by the act 
of lifting, and the corresponding increase of pressure necessitated in the steam to admit of its escape 
through the opening of the valve, in addition to that required for overcoming the friction of the 
steam in passing the valve and the resistance to it in flowing into the atmosplicre. 

Taking the cjise of two valves of 5 in. diameter, giving a combined circumference of .81 • 4 in., 
and say 30 lbs. to the inch as the graduation, of the spring balances, with a ratio of leverage (or 
area of valve) of 19*63 to 1, a total area of discharge of sq. in. would rocpiirc a lift of the valves 
of ^ or *0223 in. ; but as the bearing faces of the valve and seat are not horizontal but inclined 
at 45®, a vertical lift of the valve equivalent to 1 sq. in. (0 * 99) annular area is required for giving 
a discharging area,of sq. in. ; and the total lift will therefore be *032 in. This gives an exten- 
sion of the spring balance of *032 x 19*63 or *628 in., causing an extra load upon the valve of 
•628 X 30 or 18*8 lbs. a sq. in. in order to get the required opening for discharge of the steam. 
The result is therefore that, in order to give a suflicient area of opeming for tlie discharge of all 
the steam that the boiler is capable of generating, the pressure must rise in the boiler about 
19 lbs. to the sq. in. above the intended limit of the w(>rking pressure, or the point at which the 
safety-valves are adjusted to begin blowing off: and this action of increasing the total pressure 
upon the valve as the valve rises is inseparable from all arrangements in which the valve is 
pressed down by a spring acting either through a constant lever or direct upon the valve. 

Naylor’s safety-valve has been designed to remove this defect, by causing the spring that 
presses upon the valve to act not through a constant lever, but through one which varies in its 
effective length, diminishing in length as the valve rises in the same proportion that the tension 
of the spring is increased by the rising of the valve, so as to prevent any increase taking place in 
the total pressure upon the valve. 

Naylor’s valve is shown in Figs. 2331 to 2334, Fig. 2331 being a vertical section, and Fig. 2332 
a sectional plan. 

The safety-valve A is only 2 in. diameter inside the seating, and is pressed down by the 
inverted spiral spring B acting upon the opjiosite end of the bent h‘vcr C, the effective length of 
lever being 24 in. at the valve and If in. at the soring. When the valve rises, the bearing |)oint 
of the spring at the end of the lever, being inclinea downwards at an angle of 35® from the vertical 


333L 3332. 



line D in Fig. 2333, is deflected nearer to this vertical line by the lifting of the valve end, as 
shown by the dotted position in Fig. 2333; and the result is that the effective leverage at which 
the spring acts is reduced to the extent required to compensate for the increa^ tension of the 
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•pring oauaed by the motion of the le^er, ;so that the total pressure upon the valve remains 
unaltered. The centre E on which the lever works is a knife-edge, so as to prevent its action 
from being interfered with by friction from the heavy pressure 
upon it, which is nearly double the pressure of the spring; and 8331 

the connection of the spring to the lever at F is by a knife-edge 
also, Figs. 2338, 2384, in order to give complete fre^m of action 
to the whole. The spiral spring is made of |-in. round steel, and 


the pressure upon the valve is adjusted by screwing up the spring 
by the nut G, the highest pressure being limited by a solid collar 
upon the spindle. Any accident from failure of the spring is pro - 1 
vided against by the lower end of the lever then coming in contact 
with the easing at H, Fig. 2833, which prevents any risk of the 
valve becoming displaced. 

This valve being only 2 in. diameter with a circumference of 
6*28 in., the height to which it must be lifted in order to give the 
same area of discharge as before, of a sq. in., is ^ or • 159 in. ; 

and the valve end of the lever being 2} in. long, this requires an 
angular movement of the lever of 3° 39'. The angle between the 
spring end of the lever and the vertical is consequently reduced 
from 35-^ to 31° 21'; and taking the horizontal distance 1} in. or 
1 ’ 75 in. as the sine of the former angle, the sine of the latter angle 
will be 1 * 59 in., making a shortening of * 16 in. in the leverage 
at which the spring acts. The difference between the ' cosines of 
those angles to the same radius, or * 106 in., will be the extension 

of the spring produced by the same range of motion ; and the area of the valve being 3-14 sq. in. 
the total pressure of the spring to give a pressure upon the valve of 120 Iba an inch will be 
538 lbs. with the original leverage of 1*75 in., and with the reduced leverage of 1*59 in. the 
total pressure required at the spring is then 593 lbs. Hence an increase of 55 lbs. in the total 
prei^re of the spring has to be pi^uced by the extension of * 106 in. in length caused by the 
motion of the lever, in order to maintain a constant pressure upon the valve ; and this gives 519 lbs. 
for an inch deflection for the strength of spring required for the purpose. 

In practice the spring is adjusted so as to give a slightly reduced total pressure upon the valvo 
when fully open, the pressure the square inch on the valve being made about 4 per cent, less when 
the valve is blowing off strongly than when the valve is shut ; in order to Cvompcnsate for the effect 
of the friction of the large quantity of steam passing in that case through the narrow opening of 
the valve. It has been foimd by trials with this valve that, when the steam is blowing off very 
strongly, the pressure within tho boiler exceeds the load upon the valve by about 5 per cent. ; and 
therefore by proportioning it as above with 4 per cent, less pressure of the spring upon the valve 
when open than when closed, the occurrence of any sensible increase of pressure within the boiler 
beyond the limit at which the valve is sot is completely prevented. At the same time it is found 
that tlie valve closes again after blowing off strongly^ without allowing any sensible fall in the 
boiler pressure below that limit. 

This improved valvo therefore effectually provides for the prevention of any increase of pressure 
occurring under any circumstances in the boiler beyond the intended limit of pressure ; and tho 
one valve, although only 2 in. diameter, gives tho full area for discharge of the steam obtained 
with the two large valves ordinarily used. The one valve may consequently be considered ns 
fully equivalent in safety to the two ordinary valves, although it may be preferred still to adopt 


the precaution of employing two valves. 

In tho case of the two ordinary safety-valves of 4 in. diameter, having a combined circumference 
of 25 *1 in., and a ratio of leverage of 12*57 to 1, a total increase of pressure of 15*0 lbs. the sq. in. 
will be caused in giving the required full area of opening of X sq. in. for discharge. And with 
two valves of 3 in. diameter, having a combined circumference of 18*8 in., and a ratio of leverage 
of 7 *07 to 1, tho total increase of pressure will be 11 *3 lbs. per sq. in. 

It appears therefore that, with the ordinary construction of safety-valves, the larger size of 
valves, instead of giving increased freedom to the discharge of the steam, are actually inferior in 
this respect to the smaller valves, the two 5-in. valves allowing an increase of pressure of 18 *8 lbs. 
to tho inch during the escape of the steam, whilst the two 3-in. valves allow only 11*3 lbs. an inch 
increase with the same discharge. This arises from the circumstance that the pressure required 
to liold down the valve increases as its area or as the square of its diameter, whilst its area for 
discharge increases only as its circumference or directly as its diameter. This result is also not 
altered in the cases where, instead of using a lever with a spring balance at the end, a large 
spiral spring is employed pressing direct upon the valve, or between two valves, the pressure of 
tno spring and its motion being then tho same as those of the valve, instead of the pressure of the 
spring being diminished and its motion increased both in the same ratio by the action of the lever. 

This valve possesses an advantage over most forms of tho ordinary valves, from the circum- 
stance that it is quite impossible for the valve to be tampered with by the engine-driver, so as to 
increase the pressure beyond the intended limit. 

One cause of extra pressure in locomotive boilers occurs when an engine is proceemng with a 
train, with the steam well up and a good fire, and it is suddenly checked by a danger sifi^al being 
exhibited, and the engine has to be reversed. In such a case, whilst tho fire is generating 
vigorously, the cylimmrs, instead of using it, are converted into air-pumps, pumpmg mto the 
boiler at every stroke. The steam generated must all pass off by the safety-valves, and the pres- 
sure often rises considerably above tho limit at which they are adjusted. 

When an engine is taking a heavy load up an incline slowly, tho steam blowing o^strongiy, as 
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much as 40 lbs. excess of pressure has occurred, without the safety-valves being interfered with. 
Naylor instances a case of a large goods engine coming to a stand on an incline from want of 
power, although the steam was blowing off very strongly ; and the driver being afraid to go back 
fiom fear of a collision, had to secure the valves against blowing off, by pegging down the levers 
in the slots through which they passed in the weatherboard. The regular working pressure was 
120 lbs., but the steam got up to 180 lbs. an inch by the pressure gauge, and the engine was then 
able to lake the train to the top of the incline. 

Another source of risk of extra pressure is when an engine is having the steam got up in the 
engine shed, and to hasten it the steam jet has been put on and left on while the lire-lightrr is 
gone to look after other engines. From a number of experiments Naylor has a8oertaine<l thst, if 
the jet be left full on for six minutes after the steam begins to blow off, there will be an excess of 
pressure in the boiler of at least 30 lbs. a square inch over what the safety-valves on the ordinary 
construction are loaded at. 

In the case of marine boilers it is required by the Govemmont regulations that there shall he 
at least one safety-valve upon each boiler loadetl direct by weights, and that the area of this valve 
shall be one circular inch for every horse-power nominal ; so that a boiler supplying steam 
equal to 100 horse-power requires a safety-valve 10 in. diameter. But although these valves are 
loaded by direct weights, the pressure in the boiler will necessarily exceed the load on the valve 
when the steam is blowing off in great force, which is liable to occur occasionally when the 
engines are stopped, from neglect in not casing the pressure at that time. There is, however, a 
serious defect in this mode of loading safety-valves on marine boilers, from the circiimstanet* that 
when the vessel rolls the pressure of the weight is diminished : and if it rolls to the extimt of 4.') ' 
there will not bo more than 70 per cent, of the full load upon the valves at that moment, an<l 
consequently there wdll be a loss of power when the greatest power may bo required. Moreover 
the water in the boiler is subjected to violent commotion by the repeated starts of ebullition from 
♦he pressure being suddenly reduced by the lifting of the safety-valve; and this comiiiotion is not 
rtt all times stopiSd by the closing of the valve, but produces priming in the cylinders. With the 
improved valve, shown by the sections Figs. 2335, 2338, however, the full pressure would be 
preserved steadily iu the boilers, with any extent of rolling of the vessel. 

3335 . 23 . 36 . 




Ashcroffs Loch Safety-Valve. — Fig. 2337 is a perspective view of the valve and its parts, with 
one side of the case removed, and a portion of the covering of the valve seats broken away, to 
show the internal construction. Fig. 2338 is an enlarged view of the valve and its seats. The 
main peculiarities of this valve are in its having a double seat, and offering a much freer egress to 
the steam than the single disk valve. By reference more particularly to Fig. 2338, these pecu- 
liarities may be noticed. The valve itself is hollow, and has an annular space between the two 
seats, into which, as well as into its central cavity, the steam may pass. The slicll that encloses 
it, and forms its seats, has radial projections, between which are spaces serving as passages for the 
escaping steam. Fig. 2338 shows the valve lifted from its seat, the arrows showing the direction 
taken by the escaping steam. A is the valve, and B the seats. 

Fig. 2337 shows a guard-plate C, placed in front of the escape pipe I), to prevent tampering 
^th the valve. E is a bolt securing the halves of the CAse togetiier, and having a hole tlirough 
it for the reception of the staple of the lock. F is a cam for lifting the lever and the weight G. 
The cap H, over the valve, serves as a guide to the valve stem, and prevents the steam from 
escaping into the lock-box. 

Marine-Engine Gotemor^ invented hy Peter Jensen, of Copenhagen , — The engines in very large 
Bcrew-st^mers with deep dranght are considered to work with sufficient regularity even in a gale, 
as the size and weight of the ship to a great extent prevent it from pitching, and for this reason 
no great difference in the depth of immersion of the screw takes place ; but, except in the above 
case, serious irregularity is experienced in the working of marine engines in a hrnvy sea, when the 
screw or the paddle-wheels are one moment deeply immersed and the next moment revolving half 
or more in the air. A waste of jiower then occurs ; for although in a given time the same amount 
** supplied from the boiler, whatever the KfK*ed of the engines may be at any moment, 
still the ^wer is not exerted in an mlvantagexms manner whenever the pro|>oller is only mrtially 
immersed, as it then presents tc»o little surfacci of resistance to the water, and is consequently nut 
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able to propel the veBsel so efficiently ae when immersed to the proper depth. In most marine 
eoQgiiieSi therefore, instead of the consumption of steam being reduced by saving the steam when it 





cannot be used to advantage in consequence of 
the propeller being only partially immersed, it is 
at that time wasted in driving the screw or the 
paddle-wheels with great speed in a light draught 
of water, and a great amount of slip or loss in 
effwtive speed of the vessel consequently ensues. 

In applying a governor to marine engines economy 
of power must result, as in the case of stationary 
engines. Moreover, most of the accidents occur- 
ring to marine engines are due to the sudden 
shocks that will happen during a gale even in 
well-balanocd engines. The lubrication is also 
often rendered difficult, because the oil is thrown 
out of the cups ; and the great amount of wear 
and tear in marine engines may be attributed 
partly to the shocks and the irregular motion, and 
partly to the more imperfect lubrication. 

Marine-engine governors have been attempted 
on several occasions, but only very few are yet 
applied. An ingenious modification of the ordinary 
Watt’s centrifugal governor has been employed 
for this purpose. Silver’s four-ball governor, in 
which the action of a spiral spring is substituted 
for that of gravity, and the whole apparatus is balanced so os to remain undisturbed in action 
during the pitching of the vessel. But the mode of action of all such governors is by checking the 
supply of steam to control the speed of the engine after it has begun to change either to quicker 
or slower; and it has appeared to the inventor of the governor forming the subject of the preaeut 
paper, that the principal desideratum in a good marine-engine governor is an instantaneous action, 
80 that whenever the screw or the (mddle-wheels are going down in the water more stoom may 
be admitted to the engines as quickly as possible, and in the opposite case the admission of steam 
may be as ouickly as possible oheokod, be fore the speed of the engines has been sensibly aflected For 
attaining tbis object it seems more natural to make use of the cause of the evil as a remedy against 
tt, or to employ the irregular notion of the vessel as a means of regulating the engines, than <o let 
the engines regulate themselves. By this means an intermediate step is dispensed witli ; and by 
making use of tho non-olastio water as the motive jiower of the governor, tho action wiil be exerted 
^ickly enough umn the engines to regulate the supply of steam before the depth of immersion of 
tho propeller has ocen materially altoi^ by the pitching of tho vessel. 

The construction of Jenson’s marine-engine governor is shown in Figs. 2839 to 2341. Fig. 2339 
is a transverse section of tho vessel showing the governor in position; and Figs. 2340, 2341, are 
ft longitudinal section and elevation of the governor enlarged. 

* A oylinder A is placed at each inner side of the vessel below the water-line, the bottom of the 
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^linden mmmtmfeatin^ wiih the water outside hj mwtm of the Kingston ralves B. Each 
< 7 linder is fitted with a piston G, which is loaded with a spring B either of steel, compressed air, 


2841. 


2340. 




or india-mbbcr. The piston-rods E act npon bell-crenk levers F F, and by means of connecting- 
rods G G motion is given to a common spindle H, from which the throttle valves of the engines arc 
worked in such a manner that when the pistons C go down the throttle valves are closing, and when 
the pistons go up the valves are opening. Now as the pressure of the external water increases in 
proportion to the depth, when the openings of the valves B come into different depths in conse- 
quence of the pitching or rolling of the vessel, the pressure on the pistons C will be changed pro- 
portionately ; and to each pressure will correspond a certain position of the pistons and of the 
throttle valves connected with them. Omitting the pitching of the vessel in a paddle-wheel steamer 
and considering only the rolling motion, it is obvious that when one paddle-wheel is deeply im- 
mersed and the other nearly or entirely out of the water, the pressure on the two pistons will be 
different ; but supposing them connected together, the position of both and of the throttle valves 
will be then corresponding to the difference of resistance on the two paddle-wheels. 

If these cylinders are placed as near to 
the propeller as convenient, so as to ensiu^ 2342. 

pretty nearly the same depth of immersion, 
it will be seen that this apparatus will then 
act as a governor for the engines ; for when 
the propeller is revolving in a light draught 
of water, the supply of steam to the engines 
is proportionately diminished; and when ro- 
Tolving in deep water, the supply of steam 
is proportionately increased. 

Harmonizing Gotemor, Pig. 2342.— The 
nature of this invention consists in swing- 
ing the balls of a centrifugal governor, at 
an angle to a radial line, harmonizing with 
and oorresponding to the motion of said 
balls, in such manner that the inertia, the 
momentum, and centrifugal force, all act in 
favour of the governor, instead of against it, 
as is the case in the ordinary centrifugal 
governor. Angular Motion^ p. 101. 

This is illustrated in Fig. 2343. A circle 
B is struck, of nearly the size of the ball. 

A sqnate is then formed by drawing lines 
tangentially with the circles, as shown by 
dotted lines. This square gives the plan of 
the governor. 0 is the point of suspension 
of the arm ; the line from C to D represents 
the arm, as also the direction of the swing 
of the ball. The lines from C to E consti- 
tute the centres of the pins upon which the 
arms F and links G are firmly fixed. The 
pins connecting F and G turn freely in 
sockets CE. Links G form a connection 
with a stem passing through the centre of 
the valve. Links G may also turn outward, 
as shown at H, and form a connection with 
• (liding sleeve. The sockets C E are firmly seenred to the shaft giving them motion. The 
« tbo plane in which the balls swing is indicated by the dotted radial line I. vibniting at 
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\h{s angle will swing freely whether moving quickly or slowly ; if moved dowly, they will he acted 
upon by but little eentrifu^ force, and will swing low and perfectly free from the points of bus- 
p^ion; if moved quioldy, they will be acted upon by greater centrifugal foroe^ and will swing 



I 

higher and farther out, though quite freely, without causing the least binding or friction at the 
joints, by which the arms are suspended. The balls are at liberty to fall to the rear of the points 
of suspension, or to gain upon said points, according as the force of their inertia or their momentum 
predominates. By this arrangement we obtain a governor the most simple and cheap of construe^ 
tion, beautiful in form, and in action, durability, and efficiency the most complete. 

The Valve. — Much difficulty is experienced from improperly-constructed valves, many valves 
being so constructed that large surfaces slide upon and against each other The contact of these 
surfaces is expected to be steam-tight, and yet freely move against each other. This is a mecha- 
nical im|» 088 ibility ; if such valve is anything like stcam-tigh^ it will require a great force to move 
it ; and should it gum or expand the least, it will stick so tight as to require a sledge to move it. 
If it is made to move freely, steam will pass between the surfaces, and in a short time cut a passage 
around the valve, instead of passing through U. Such valves should never be put on engines. 
The valve attached to this governor is so constructed that its opening and closing do not depend 
UfKin surfaces moving upon or against each other, but upon surfaces moving towards and from each 
other. The impact of the passing stream is not u{X)n and over the surfaces that are depended upon 
for closing the valve, conseciueutly the cutting of the valve by the steam will never cause it to leak. 
The valve has two steam passages p<*rfectly balancing each other. The steam can never make for 
itself false passages, as there are no joint or openings but the proper passages for the steam. 

Oradwitinji Valves. — An idea has been entertained that a valve should have an increased open- 
ing, taf)oring towards a point. Such valve will, as is intended, supply steam to the engine in a 
ratio differing from that of the action of the governor. To graduate the quantity of steam to the 
engine is especially the office of the governor, and any attempt to effect it in the valve acknow- 
ledges the deficiency of the governor. If the valve openings are proportioned to the supply-pipe, 
a good governor will do all the graduating. The effect of a taper valve is but to len^hen the 
thrc)w of the valve. This becomes necessary from the defects of the radial centrifugal governor, 
as it never acts at the proper time and always with a plunge beyond the proper point. For this 
reason the valve 0 |>euiugs are made close, requiring a long throw, so that the defective governor will 
not at one moment cut all the steam off, and the next throw it all on. Hence a graduating valve. 

'The Governor as a — A good governor combined with a properly-cx^nstructcd valve con- 

stitutes perhaps the best variable cut-off made. The capacity of the valve should equal that of the 
pipe : the openings should be perfectly straight across without the least taper. Such a valve will 
require but very little throw, and a govcnior acting positively and simultaneouslv with any change 
of speed in the engine will either cut off all the steam when required, or give the boiler pressure 
of the steam from a change of ^ed impossible to be detected by the eye. With the usual variable 
cut-off the steam may be cut off near the lieginning of the stroke, and no steam can be admitted 
until the beginning of the next stroke. If a heavy load be thrown on the engine immediately after 
the steam is cut off near the beginning of the stroKO, the speed of the engine will be dragged down 
before steam can be admitted after passing the centre. 

Loconwtive^Boiler Mountings designed by W, Stroudley. — Figs. 2344 to 2352 illustrate a number of 
examples of locomotive-boiler mountings of patterns which have been sucoessfidly used for some 
time past by W. Stroudley, the locomotive superintendent of the Highland Railway, and which 
have also been adopted on other lines. The main features in these mountings are the external 
screws by which tno cocks are closed and opened, and the arrangement of double-faced valves 
which render packing unnecessary. Referring to Fig. 2344, for instance, which represents a set of 
gauge-glass fittings, it will be seen from the sectionsJ plan that the conical back of tbe valve when 
the Tatter is ojicn makes a tight joint against a face provided for it, and thus prevents the pass^e 
of the steam or water past the valve spindle. In this instance, also, the back seating^ of the ▼8’^ 
is, in the case of the lower fitting, so constructed that when the valve is screwed portly fqrwwo, 
a communication is opened between the gauge-glass and the waste-pipe. The screw by ^ich the 
valve is moved is square-threaded, end is 2 iu, in diameter outside, and J-iu. pitch. From its 
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poBiiion it can bo readily oiled and kept in order, and as its threads have ample snrfaoe, the wear^ 
that goes on is very sm^. 

Fie. 2845 shows an injector steam-oook with a dear bore of 1} in., and as in this case it is 
desiraole that the cook may be opened quickly, the screw, which is 2f in. in diameter outside, is 
double threaded, and is of {-in. pitch. Another smaller injector steam-cock with f-in. bore, is 
shown by Fig. 2347, the opening screw, which is double threaded in this case also, being 2^ in. in 
diameter outside, and i-in. pitch. The tallow cock shown by Fig. 2346, the blow-off cock shown 


2344. 3345. 



3346 





^ ]^g. 2348, and the blow-wk, gange-oock, and mud-plug, represented by Figs. 2850, 2351, and 
2352 r^pectively, will require no spmal description, as their construction is clearly shown by the 
engravings. We may, however, point out that in the case of the blow-off and gauge cocks. 
Stroudley uses V-thr^ed screws. ® 

In the CM of the cl^k-tox ehown by Fig. 2849, It will be noticed that Stiondloy places the 
joint face on the underside of the screw, end the steam and water are thus prevented from getting 
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access to the latter. By this means all the difficulties Incidental to screwed covers of the ordinary 
kind, such, for instance, as the sticking and furring up of the screws, is avoided, and Stroudley 
found that the covers thus constructed suited well. 


2349. 



Manhole Cover . — It is not entirely to the amount of metal out away that tLe weakness of an 
unguarded manhole is due the action of the cover plays an important pari in the matter. The 
covers arc generally placed internally, and are held up by tlie steam pressure within, as well as 
being suspendt^d from arched bridges outside by bolts and nuts. The joint is very seldom a good 
one, the curve of the cover does not always follow that of tbe boiler, and as the surfaces of the 
plates at the joint are not dressed 8mf»oth so as to make a lolenibly tight joint, a considerable 
strain is friHjuently brought on the bolts. Hence we get the bolts pulling and the steam pushing 
at the plate, the result of the joint action tending, of course, to force the cover tlirough the man* 
hole, and rend the boiler plates. The im|>ortance of strengthening the manhole with a mouthpiece 
and otherwise rendering it safe is therefore very apparent ; it is a remedial or rather a preventive 
measure, very easy <»f adoption. To this matter Joseph Ride has given his attention, and has 
invented an improved manhole cover which we illustrate. Figs. 2353, 2354. This cover has been 



in use and has proved thoroughly successful. The cover fits against the inside with a faced joint, 
and cannot be taken off while tiiere is any pressure of steam in the boiler : and the ^l-^ong 
forming the outer part, strengthens the shell of the boiler, thus preventing accident through 

fracture of the manhole plate of the boiler, ^ ^ • 

A Manometer is an instrument for meosnring the rarity, or, what amounts ^ the same thing, tn 
elastic force of gase^ and especially that of steam in boilers. There are three principal km s . 
/rcc oiV, coi/mrmcd f mV, and mdfd/ic manometers. , . y. v - v • 

A free air manometer is an invert^ siphon A MB, Fig. 2355, one end A 
the boiler and the other end B into the air. The lower portion of the tube la flllcd wiUi 
up to a height 0 or C' which is the same in both branches so long as the pressure in the boik r is 
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equal to the pressure of the atmo^here. But if the pressure of the steam exceeds one atmosphere, 
the level sin^ by a certain quantity G D in the adjacent branch, and rises in the other branch by 
a quantity G' D\ which is equal to G D if the diameters of both branches are The excess 

of the pressure of the steam over that of the atmosphere is measured by the difference of level in 
the two branches ; and if we denote the nressure of the steam to the square mHre by P, that of the 
atmosphere by Pg, the weight of the cuoio m^tre of mercury by n, and the height D D' by 2 4, 
we have 


P 

n 



[ 1 ] 


P P 

The quotients — and express the heights of the columns of mercury, the weight of which 
would be equivalent to the pressures P and P^ ; calling these H and H^, wo may write 

H = Ho + 24. [2] 


The employment of this kind of manometer is prescribed in France by the administrative regu- 
lations of 1843. It is, however, open to the objection of requiring a great height when the pressure 
in the boiler is considerable, for the distance DD' must bo equal to ns many times O'" *76 as there 
are units in the number of atmospheres expressing the excess of the measured pressure above that 
of the atmosphere. Since the date above alluded to, MM. Thomas and Laurens have removed 
this defect by giving the ascension tube a greater diameter than the rest of the manometrical tube. 
This arrangement is represented in Fig. 2356 ; a b and c d are the two branches of the iron siphon 
from 5 to 6 millimetres in diameter. The branch or arm a b which communicates with the boiler is 
surmounted by a cast-iron cylinder A A, which receives the condensed steam, and which is always 
filled with water. The arm c d is surmounted by a tube of thick glass B B, the inner section of 
which is five or six times greater than that of the siphon ; affixed to this tube is a graduated 
scale / /. In communication with the upper portion of the tube is an iron pipe D D, closed at the 
bottom and pierced with an orifice O in its upper portion. This pipe is intended to receive tho 
mercury in case the excess of pressure should raise the level n above the ordinary limit and force 
the liquid out of the tube B B. The effect of the enlarged section in the upper part of the siphon 
is obvious. If, for example, the section of the tube B B is five or six times Renter than that of the 
arm a 6, when the increased pressure forces the mercury down this arm by a quantity 4, it will rise 
in the tube BB only -11^4; and the manometer thus modified will require much loss space. For- 
mula [2] may bo easily modified to render it applicable to this arrangement ; but it is better to 
graduate the scale //by means of a standard manometer. 


2355. 




2367. 



Bichard has adopted another arrangement for reducing the height of tho manometer, founded 
upon a principle long known, but which he has happily applied. This arrangement consists in 
bending the tube a number of times, as shown in Fig. 2357. In tho natural state, that is, when the 
pressure in the boiler is equal to the atmospheric pressure, all the tubes are filled with mercury in 
their lower portions up to the same level m n which divides them into nearly two equal parts, and 
the upper curves are nlled with water. When the pressure in the boiler increases, the level of tho 
mercui^ in the adjacent tube sinks by a quantity 4 and stands at Oi ; it rises in consequence in tho 
next branch by an ^ual quantity and stands at b ^ ; it sinks by 4 in the third branch and stands 
at a, : it rises by 4 in the fourth and stands at b^ ; and so on through the other branches, till it 

stands in the lalrt at 6,. Let Pf, P^, Pj be the values of the pressures to the metre at tho 

points a„ a,, . . . . ; P„ P„ P„ . . . . , the values of the pressure at the points &„ 6„ 6,, . . . . ; n 

the weight of the cubic metre of mercury, and Q the weight of the cubic mbtre of water. Con- 
sidering the levels &|, a„ we shall have P| = p, -b n.24 and P^ = Pi + Q.2 4, whence 

P,-.P, = (n-.Q).24. 
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whence fidding member by member, 

P,--P, = 4(n-Q).2A. 
We have again P» — 1 ?» = n 2 A, 


or 


Q 

or, substituting for - its value 


1 

13-6’ 


Pi 

n 


?^ = 2A[l + 4xO-926], 


[3] 


a formula which will enable us to calculate the pressure Pj of the steam knowing the height A, 
or to determine, on the contrary, this height knowing the pressure P|. It may be remarked that 

Q 

the number 4 which multiplies 1 is the number of the lower carves of the tube diminished by 


unity ; so that calling this number of curves n, the height of the mercury measuring the pressure 
in the boiler H and that measuring the atmospheric pressure H,, we shall have generally 


Jin 




H = H + 2 A [1 + 0-926 (a - 1)]. [4] 

A compressed-air manometer is also an inverted siphon, having one arm closed while the other is 
in communication with the boiler. Fig. 2358 presents the usual arrangement of this apparatus. 

When the pressure in the boiler is equal to the pressure of the atmosphere, the mercury is at 
the same level mn in the two arms. 2353 . 

When the pressure increases in the 
lx)iler, the level is depressed by a quan- 
tity A in the adjacent arm, and stands 
at B, it is, consequently, raised by an 
ec^ual quantity in the other arm and 
stands at A, the air in this arm being 
compressed by the rising of the mer- 
cury. If P denote the pressure in the 
boiler, and P® the pressure of theatmo- 
sphere, we have first as the pressure at ^ ' 

A after compression, P<, ^ Y re- 
presenting the height of the closed 
tube above the level mn. Oonsequently, 

P = P.Y^* + 2H/i, 

P P. Y 

or - = -rr : + 2 A, 


11^ 


or H = H, 


Y-A 
Y 


Y-A 



a formula enabling us to calculate H or A knowing one of these quantities. 

The closed arm is provided with a scale a 6, which may be gloated by means of formula [6] 
or by comparing it with a standard manometer. 

These compressed-air manometers are sometimes arranged, as shown in Fig. 2350. M N is an 
iron receptacle communicating with the boiler through the pipe U. This receptacle is provided 
on its lower side with a kind of bulb C G G, into which the manometrical tube D D, which is 
closed at the top, plunges. The receptacle being partly filled with mercury, the pressure of the 
steam depresses the level of the mercury in the receptacle by forcing it up through the tube 
which is provided with a scale a 6. Supposing mn the level of the mercury when the pressure in 
the boiler is equal to the pressure of the atmosphere, if the level sinks by z in the box M N, it 
will rise by n in the tube, n denoting the ratio of the sections, A and » of the box and of the tube. 

We shall have, therefore, P = Po « + (n+ 1) «.n, or making nx = A, dividing by n and 

y — n 


substituting for n its value ~ , 


n n 


Y 

Y-A 


+ 



or again, H = H, • + + *)*• [7] 

The indications of the manometer ought strictly to undergo correction relative to the change 
of temperature. But, as a variation of 15® occasions an error of only and as extreme occupy 
in measuring the pressure is never necessary, this source of error is usually neglected. Yet, if is 
be required to take the temperature into account, we may proceed as follows 

TaMng the arrangement of Pig. 2359, let y be the volume occupied by the compressed nir 
at n given moment, or the number of divisions which it occupies in the tube, and p the pressure of 
this gas to the square metro. Wc shall have, putting t for the temperature and o for the 
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ooefacient of expansion, jp = lOSSl** . — (1 +oO» Y being the volume of the same Cfas at 

zero and under the pressure of 0“-76 of mercury. Let H be the height of the column of 
mercury above the level of the bulb. This height, observed at the temperature t, would be 
H H 

at ssero - — or . The weight of a column of mercury having this height and 

2 I t 1-f* 0*00018 1 

*^5550 

1 3508 ^ ^1 

a base of 1 square metre would be ^ ^ ' o <006 187 * pressure exerted upon 1 square 

y 13598** . H 

miitre by the column in question. Hence wo have P = 10334** • — (1 + « 0 + 
as the number 10334 is the product of 13598 by 0*76, we may writo 

P = 10334'' 1^(1 + a<) j • 1 +0-00018 J ‘ 


If Y is unknown, it may be determined by experiment, using this very formula [8]. For this 
purpose we must put the bulb in communication with the atmosphere, observing at the same 
moment the barometer. P is then equal to. the pressure of the atmosphere ; we observe y, H and t; 
all is then known in the formula except Y, the value of which we may thus determine once for all. 

If Z is the barometrical height observed, we havefr = 10334 • Q.^g l substituting this value, the 


number 10334 vanishes from the formula, which enables us to find Y more easily. 


The compressed-air manometer is open to a grave objection ; the oxy- 
gen of the air contained in the manometrical tube is gradually absorbed by 
the mercury, which becomes oxidized; the volume of compresscKl air di- 
minishes, and the instrument indicates too great a pressnre. The gas having 
no influence upon the mercury, might bo substituted for the air. But their 
fragility and great cost have led to the gradual abandonment of air mano- 
meters, and to the substitution of a less accurate instrument, but one that is 
less liable to injury and much cheaper, namely, the metallic manometer. 

Steam Whistle . — An apparatus attached to a steam-engine, through which 
steam is rapidly discharg^^, producing a loud shrill whistle, which serves as 
a warning or signal. In Fig. 2360, a is a tube, b hollow pierce, c c cup, d thiu 
brass cup, and e f stop-cock. The steam issues from a narrow annular orifice 
around the upper edge of the lower cup or hemisohere, striking the thin 
edge of the bell above it, and producing sound in the manner of an organ- 
pipe or common whistle. 

Cemecting^Mod for Clayton and Shnttleworth’s Portable Engine, see p 33. 


2360. 




1, Turned miaaie part of rod. 2, Shaped end, 3, Strap. 4, Bram. .% Cottar. 
6, Gib. r, Set ecrew to eecnre cottar after adjustment. 8, Oil-cup with wick and cuik. 
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The large and email ends of this connecting-rod, Fige. 2361, 2362, being aimilar, differing only 
in eize, the same figures are put to denote similar parts at either end. 

Cylinder vnth BteamrJacket for Clayton and Bhuttleworth’s Portable Engine, FigB. 2363 to 
2366. 

8363. 2flC4, 



Mefercnces A, Cylinder. B, Steam-jacket. C, Openings for removing the core, provided with 
iteam-tight coven D. E, Projecting flanges to bold the cylinder from lagging. F, Contains socket W 
for receiving the chimney rest. G, Opening giving access for boring out tlie steam-pipe in which the 
throttle valve works. H, Conical plug for closing G steam-tight. 1, Exhaust passage. J, Steam-chest 
cover. K, Front cylinder cover, with gland X for piston-rod and projection Y, to which the slide bars 
are bolted. L, Back cylinder cover. M, Gland for slide-valve spindle. N, Steam ports and passages. 
O, Exhaust port P, Gland for throttle-valve spindle* Q, Bottom of cylinder casting planed to segmoit 
of circle to fit barrel of boiler. R, Cylindrical part carrying the stop-valve port S, and having gi-oovea 
T for stop. T, Valve to slide in. Part K projects through into boiler, U, Screw thread chased on 
part R for securing the cylinder to the boiler by means of a ring nut, in addition to the usual bolta 
which pass through the bottom flanges Q. V, Throttle valve, W, Socket for chimney rest, X, Piatoih 
rod gland. Y, Projections from front c yliuder cover, to which the four slide lairs are bolted. 
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CnmkSkt^ Braehti, Cl» 7 ton and Shattleworth’a FUctable SngUM, Figs. 2867, 2368. 


asst sssa 



JReferenoet: — A, Under part of bracket, planed to segment of circle to fit barrel of boiler. 
6, B, Cellular; the parts of which are arranged to give strength and lightness, c, C, Cap of 
bracket d, I), Oil-cup fitted with wick and cork, e, Thin plate to lock the bolts which fasten 
the cap c, C. /, F, Side brasses, Packing pieces, one to each side brass. A, H, Set screws for 
adjusting side brasses/, F. I, Bottom brass. J, Wedge for adjusting bottom brass. A, K, Screw 
bolts for moving adjusting wedge J. 


2369. 


Eccentric. — A contrivance for converting a continuons circular motion into a rccip 

motion. There are several kinds of eccentrics; the circular^ or eccentric, properly so called, auS 
various other contrivances bearing the name of excentrics, but which are really cams, such as the 
heart-shaped eccentric, the triangular eccentric, eccentrics xrith a uniformly varied mdion, and so on. 

The circular eccentric consists of a circular disc D, Fig. 23G(>, usually hollowed to diminish its 
weight. This disc turns about an axis O, perpendicular to its plane, but which does not pass 
through the centre of the 
figure G, whence its name ex- 
centric. The disc IS enclosed 
by a ring A A, called an 
eccentric strap, moving freely 
upon the circumference of 
the disc and connected by 
rods A' B, A' B, called eccen- 
tric rods, with the extremity 
B of the piece to which it is 
required to give a recipro- 
catii^ motion in the straight 
line JL Y passing through the 
point O, in the plane of the 
disc, llie distances O G and 

the mint B movee upon the etr^ht line X Y, ae if it were connected 
by inmm of • connecting-^ of a length U C, to a crank liaving a length O C and iti oontro in O 

e OH. 

S“OC* W 

■0 that if H ia oonatant, v is proportioDal to OH. 
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The eireolftY eeoentrlo ie employed in steam-engines to work the slide-valres. The large 
amount of friction produced between the sh^Te and its strap renders the application of this eccen- 
tric impracticable in c^s in which it is required to transmit a great force. The same may be 
said of all contnvances bearing the name of eccentrics ; they are applicable only when the force to 
be transmitted is small. 

Another way of employing the circular disc to produce a reciprocating motion is to make it 
turn about a point O, Fig. 2870, taken on its circumference ; and, instead of enclosing it in a ring, 
it IS made to revolve in a rectangular frame A B, A' B', 
with two parallel sides of which it is constantly in contact. 

A rod fixed in the middle 1 and I' of these sides, and pass- 
ing between guides G and G', receives thus a reciprocating 0| I 

motion the extent of which is the diameter of the disc. The 
law of the motion is easily obtained. Let « be the angular 
velocity of the disc, and r its radius. Taking the disc in 
any position, draw, through the centre of rotation O, O H 

perpendicular to G G', or parallel to the sides A B, A' B' ; A i J B 

and through the centre C of the disc draw T T' parallel to i 

G G', or per^ndioular to the above-mentioned sides. The / I \ 

S oints T and T' will be the actual points of contact of the / j \ 

iso with the frame. If P is the point of intersection of the I /'j® j 

straight lines O H and T T', it is plain that we shaU obtain \ *, / 

the law of the motion by expressing the distance T P as a H — "O ^ jp — -y— k 

function of the time reckoned, for example, from the I I 

instant when the point C was upon the straight line O H. A ** T* B* 

But we then have U O P = « t ; consequently 

TP = TC + CP = r(l +8m. «0- [2] 

Such is the law which it was required to obtain. It will 
l>o readily perccMved that the distance TP varies between 
zero and 2 r. The advantage of this eccentric is, that the 0* 1 1 

changes of velocity take place gently, and that the disc 
always acts normally to the sides of the frame or case. It 

would, hc»wever, give rise to a considerable amount of friction if the force to be transmitted were 
not small. 

Kcvmtric Sirap^ Fig. 2869. — The revolution of the eccentric in its strap causes an amount of fric- 
tion that must la? considered ; the resistance caused by this friction is, however, easily calculated. 
If T rej)rcHent the tension or the pressure exerted by the eccentric r^, the friction of the strap 
against tlje circumference of the eccentric will be represented by /T, / denoting the coefficient of 
friction ; d .«? l>eing the element of the inner circumference of the strap, the elementary work of the 
force T will be /Tds, and the expression of its total work for one revolution of the eccentric will 

bo^ /T d s, r denoting the inner radius of the strap. As the force T is not given analytically 


as a function of s, this definite integral must be calculated by Simpson’s approximative formula, 
having determined an even number of values of T corresponding to values of s in arithmetical 
progression. For this purpose we may trace the eccentric and its rod in a certain number of posi- 
tiouH, embracing altogether a wliole revolution of the eccentric. For each of these positions we 
dt*t«;rmine the force T, and, consequently, the friction /T; computing, at the same time, the arc s 
of the inner circumference of the strap included between the point of contact of the strop and of 
the eccentric for each of the positions considered, and the point of contact corresponding to the 
initial position. Wo may then trace two rectang^ar axes, representing as abscissie the values of 
s, and as ordinates the correai^nding values of /T. The area of the continuous curve drawn 
tlmmgh the ends of these ordinates will express the force sought. If the values of s are not in 
arithmetical progression, having traced the curve as described idx)vc, 'we may divide the extreme 
abscissa — that is, 2 w r — into an even number, 2 », of equal parts ; raising ordinates through the 
points of division till they meet the curve, and measuring them on the plan, we obtain the ordi- 
nates which are to enter into Thomas Simpson’s formula. 


The first factor of this formula will be 


2irr 
2 » ’ 


a quantity proportional to r ; it follows from this 


that the amount of work consumed by the friction of the strap increases with the inner radius of 
tiie strap. On ac.count of the large amount of friction product, this mode of transmitting motion 
is resorted to only when a small force is required, suc^ for instance, as that needed to work the 
slide-valve of steam-engines. 

Parallel Motion. — The beam and countor-bcam is an arrangement for ensuring the rectilineal 
motion of a rod. To the end of a beam O A, Fig. 2371, which turns about a horizontal axis in the 
point O, are jointed, on both sides, two equal rods having as their common projection on the figure 
the straight line A B. The ends of these rods corresponding to the point B, are jointed to two 
other equal ro^ projected in B C, turning about a horizontal axis in C, and forming what is called 
the a/unterdn^can. In the middle M of the two former rods is fixed a horizontal axis, to which is 
jointed the end of the rod whose motion is to be in a straight line. To form an a^urote idea of 
the motion which the axis M may assume, it will, evidentty, be sufficient to consider the locus 
describfid by n determinate point M in a moving straight line A B, resting at its ends upon two 
ciroumferences, the centres of which are 0 and C, and the radii O A and C B. This locus is the 
Lemnisoate. It has the form of the digit 8 much extended vertically, the multiple point of which 
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ig situate upon the straight line joining the centres 0 and 0. The tangent is, in this point, 
sensibly confounded with the curve throughout a long distance, a circumstance that enables us to 
consider, within certain limits, the point M as describing a straight line; we shall see later that 
the error in this way committed is practically quite inappreciable. The long>inflexion curve may 
be easily constructed by points ; for, if we assume the beam to be in any position A O, the point B 
may be found by the intersection of two arcs of circles described from the points A and 0 as 
centres with radii equal respectively to the length of the connecting-rod, and to that of the counter- 
beam. Having found the position of the connecting-rod, we have only to mark on it the point M, 
whose distance from the point A is known. It is also easy to construct the tangent to the point M ; 
for if we produce the radius C B till it meet the radius 0 A in I, the point I is the instantamous 
centre of the motion of the connecting-rod (see M. Chasle’s theorem of instantaneous motion); 
consequently, by joining M I, we get the normal in M to the curve described, and a perpendicular 
drawn through the point M gives the tangent. Many mathematicians have endeavoured to find 
the equation of the Long-infioxion curve ; M. de Prony, in an article inserted in the Annales des 
Mines in 1826, and M. Vincent, in an article contributed in 1837 to the Transactions of the Society 
de Lille, considered the question in an especial manner. 

Bekuiger’s method of calculating the co-ordinates from the point M for a given position of the 
beam, docs not lead to some practical results. Thus let O X and O Y be two axes, one horizontal 
the otlier vertical, passing through the point O ; let M D and O D be the co-ordinates y and x of 
the point M with respect to these axes, and letOA = R, CB = r, AB = Z, AM=:A, AOX = «, 
Draw A H parallel to O X, A a and G P parallel to O Y. Wo have immediately 


O a = R cos. a and A a = R sin. o. 


Hence we deduce the distances C H and A H, and consequently the hypothenuso A C of the 
rectangular triangle A H C, and the acute angle C A H. In the triangle A B C, therefore, wo 
know tho three sides, and the angle CAB may be found by the usual methods. The sum of the 
angles C A H and G A B is thus determine<l, it is the angle of A B with the axis O X. Reprosent- 
iug this angle by we obtain, by the fundamental property of projections, 

X = R cos. a -f X cos. and y — R sin. a — X sin. fi. 

This calculation is necessary to ascertain the deviation between the curve and the tangent to the 
multiple point, which a diagram even if constructed on a large scale could not make apparent. 
We thus see that, above the multiple point, the curve deviates to the right of the tangent at first 
and then approaches it, cutting it finally to form the upper loop. In the same way, below tho 
multiple point, the curve deviates to the left of the tangent, then approaches it and crosses to the 
right to form the lower loop. 


2372. 

2371. a’ 



Usually the beam and the counter-beam are made equal, and they are arranged in tho following 
numner, *•‘0 ^ A, Fig. 2372. represent tho horizontal 

pMition of the beam, and O A , O A the extreme and symmetrical positions assumed by it in its 
alternating motion. The angle AO A' is made equal to twice the angle, having as its tangents 1 • 
henw we oonolode that the value of tlie sine of A O A' is which determines the length O A of 
the beam vhen the length of the half-ohord A'N is known. It may be remarked in mssing that 
the^lne of the angles^AO A itself is 18® 55' 28”. The counter-balance is so disposed that, in 
its honrental positi^ its extremity B may be upon the chord A' A" produced, and ns tho excur- 
Mons of the rounte^beam are here equal to that of the beam, it follows that tho point B is in its 

turn U non thA<*hnm niwln/wul n' Tl" wKasila t 1 
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is a rectangle; and M'M" is confounded with one of its middle lines, since it is at an equal 
distance from A' B and A B" ; therefore, the middle M of the diagonal A B is upon M M''. Finally 
the point M is also the middle of the diagonal N Q, which is one of the middle lines of the 
parallelogram A' B' B" A" ; therefore, the point M is the middle of M' M" ; and this straight line 
IS equal to A' A" or to B' B". But M' M" is the stroke or travel of the rod to be guided ; the chord 
A' A" should, therefore, be taken equal to this stroke. In this diagram the length AB of the 
connecting-rod has been taken arbitrarily ; but Watt recommends the adoption of a length equal 
to the chord A' A", or nt least to the f of this chord. 

The lemniscate, which in the present case takes more particularly the name of Watt’s curve, 
passes, as we have seen, to the right of M M', and returns in M', passing thence to the left ; but 
the calculation shows that the greatest deviation between the curve and M M', which happens at 
alwut f of this distance reckoning from M, does not reach 0*0003 of the radius O A; the same 
deviation occurs on the left of M". This deviation, it will be perceived, is altogether imperceptible. 
M. Tchebycheif, in a learned communication to the Memolres de 1’ Academic de Saint Petersoourg, 
has demonstrated that the proportions adopted by Watt are not those which correspond to the 
minimum of deviation ; but tlu-y have been generally adopted on account of their simplicity. It 
has also been shown that the deviation may be diminished by making the chord A' A" greater than 
the stroke of the rod to be guided, because in that case the joint of the rod would not reach in its 
motion the positions corresponding to the maximum of deviation. But this would cause another 
objectionable feature, namely, a useless increase of the dimensions and weight of the beam. 

Straight- Link Vahe-Motiw^ Fig. 2373. — By this arrangement, invented by A. Allen, simultaneous 
movement is given to the eccentric rods and link and to the valve-rod, in opposite directions, by 
sliort levers placed on opposite sides 
of the reversing slinft, thereby ob- 
taining a straight link. This vfilve- 
motion is easy of reversal, balance 
weights are dispenstd with, and the 
sliding mov(*m(!nt of the block is 
reduced. The only fixings required 
are the reversing - shaft brackets. 

Most accurate results as regards an 
erpial distribution of the steam can 
1)6 obtained by this motion ; while 
from the simplicity of the motion 
and from the link being stniight, in 
place of curved, repairs are more 
economically executed. 

Lressurt! Stenm-duuqe, Foster^ s With respect to accuracy, durability, mechanical 

arrangement, and efficiency, no spring steam-gauge that has fallen under our notice, and we have 
examined many, equals that of Foster, Figs. 2374 to 2376. 


2373. 



2374. 



2375. 2376. 



In Fig. 2376 the cover is removed to show the position of the spring, the spindle and its screw- 
shaped slot. The ooilod flat spring of this gauge is shown in plan Fig. 2378, of which A, 
Fig. 2377, is a section. Figs. 2379, 2380, ore of one of Foster’s testing gauges, full size ; this small 
gauge can be made to indicate up to 300 lbs. without increase of size. A plate of vulcanized 
rubier B, Fig, 2377, rests upon the spring. O, Fig. 2377, spindle with screw-shaped slot ; one end 
of this spindle rests in a socket-piece fixed in the centre of the spring A ; the other end has the 
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index hand P fixed to it. The means employed to oommunioate a rota^ motion to the spindle is 
by a small pin fixed in the socket-piece at right angles, which obtrudes into the slot 0, Fig. 2377. 
Now as the pressure on the plate of rubber deflects the spring, the pin slides up the slot and 
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causes the spindle with the index to 
revolve; the reverse action taking 
place when the pressure is being re- 
moved. These gauges of Foster and 

Barnett are extremely simple in con- ^ c 

struction ; there is nothing to get out ^ 

of order, the spindle which carries 
the hand has only its own weight to 
support ; — they are very sensitive, as 
the slightest pressure is immediately 
shown by the hand. Foster and Bar- 
nett carry out the same principle in 
weighing machines, which shows that 
the action of a spring so formed is 
uniform. One of those weighing 
machines is shown in Figs. 2381 to 
2383. Fig. 2381 is a plan, Fig. 2382 
an elevation, and Fig. 2383 a sec- 
tion. F, F, F, feet or supTOrts. G P, 2383. 

Fig. 2382, the pointer. » the scale 
or disk of balance. The slot, of 
which we have before spoken, is well 
defined in Fig. 2383. 

Lubrication of Steam. — ^It has been 
found advisable and generally neces- 
sary to grease the interior of the steam- 
cylinder; sometimes the slide-valve. ^ 

If the steam is very wet, the attraction 

of the walls of the cylinder causes a certain quantity of water to be depNOsited on them, and the 
friction is not excessive enough to cause the engine to groan, hence endues are occasionally met 
with in which, because of the wetness of the steam used, there are no sp^al means of lubricating 
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the internal mhbing parts of the steam-OTlinder. But it has been found more economical to havo 
the steam superheated or at least somewhat dry ; it then appears more or less blue when let oil’ 
into the open air. It is for such cases that special means of lubrication are necessary. The 
prevailing method is the grease-cock on the steam-cvlinder, and sometimes a smaller cock on the 
sluie-chost. The grease-cock is in the shape of a hollow ball with a cock above and another 
below. A cup of the same capacity as the ball surmounts the upper cock. The latter being closed, 
the cup is filled with grease, generally tallow, the lower cook shut and the upper opened, when the 
cup Will empty its contents into the ball, and then closing the upper and opening the lower 
cock the tallow is drawn into the cylinder. It is singular that such a rough contrivance is still 
extensively used, while shafting is generally lubricated by some sort of self-acting means, such 
as capillary attraction in a wick, or oy the needle lubricator. No sensible person would say that 
he preferred to empty the contents of the oil-cup into the bearing at once, and yet engineers do a 
similar action when they use the old grease-cock on the cylinder. 

Of late years the subject has been agitated considerably, and locomotives for instance are 
now seldom seen without some self-acting means 
for greasing the steam continuously before enter- 
ing the slide-valves. Also among stationary and 
marine engines the principle is being successfully 
applied. By lubricating steam not only is the fric- 
tion of piston, slide-valve, piston-rod, and slide- 
rod reduced to a minimum, which means a saving 
in fuel, but there is also great saving of tallow 
and oil. Among the best known and approved 
lubricators may be named those invented by 
Roscoe, Wilson, Ramsbottom, Clements, and 
Gamble. The last named, of which Fig. 2384 
is a section, is perhaps the simplest and most 
practical of them all. Supposing it to be con- 
nected to some part of the steam-pipe close to 
the slide-chest ; the steam, entering through the 
cocks A, passes through D into the lubricator, 
which is filled with tallow B, H, up to the level 
F, (t, of the steaiii-pipc, and stands over the sur- 
face of the tallow at C. The steam cxjndcnses, 
and, water being heavier than tallow, falls to the 
bottom, thereby displacing a certain quantity of 
tallow which is thus forced over into the steam- 
pipe in a constant, slow, and dribbling stream. 

To meet the various requirements of the various 
engines and tlie various temperatures the lubri- 
cators are plac(jd in, which of course produce 
quicker or slower condensation of the steam Tn 
the lubricator and consequent quicker or slower 
feed of tallow into the steam, there is a simple and 
ingenious contrivance. It will bo observed that 
the steam-pipe at its termination in the centre of 
the lubricator has a small hole at the tallow level, 
for the entrance of the fresh steam into the lubri- 
cator and the egress of the greased steam. The 
steam-pipe has a siphon-pipe screwed into the 
l)ottom, reaching nearly down to the inside bottom of the lubricator. Into the inside top of the 
siphon-pipe is screwed the small regulating pipe, which has a small hole in its side, and has plenty 
of play round it where it passes through the steam-pipe. If this pipe is screwed down so as to have 
the hole in its side below the steam or tallow hole, then, owing to capillary attraction, the water will 
take the ffi^cference, and will continue to be siphoned out from the bottom as fast as it comes in and 
condenses, so that little or no lubrication takes place. On the other hand, if the regulating pipe is 
screwed up so that its hole comes somewhat over the tallow hole, then no water will be sif^honed 
out from the bottom, and a very plentiful lubrication takes place. In any Intermediate position, 
partly water and partly tallow w’ill overflow into the steam-pipe ; the proportions can be regulated 
to tlie gretitest nicety. A strainer E is fixed over the filling hole, so as to clear the tallow if it 
should bo dirty. See Air-Pump. Boilers. Bupper. Engines, Varietie;^ of. Fuel. Gearing. 
Indicator. liiNK-MoTioN. Locomotives. Marine Engine. Mechanical Movements. Parallel 
Motions. Pumps and Pumping Engines. Slide-Valves. Springs. Stationary Engines. 
Bteam and Steam-Engine. 

DEVIL. Fr., Xoup; Machine a ouvrir ; Ger., Wollbrccher; Wolf; Ital., Z>iaro/o. 

Devil is a rude term applied to a macUno containing a revolving cylinder armed with spikes 
or knives, for tearing, cutting, or opening raw materials, a^^i^tton, wool, rags. 

DIAL. Fr., Dijal ; Ger., Ziffcrbhtt ; Ital., Orologh solare ; Span., lieioj de sol. 

A dial is an instrument for sliowing the apparent time of day from the shadow of a style or 
gnomon on a graduated arc or surface. When the shadow is cast by the sun, it is also called a sun- 
dial. 

The term dial is applied to the graduated face of a time-piece on which the time of day is 
shown by pointers. A minePs compass is also termed a dial. See Compasses, p, 1015. 

DIES. Fu., Matrice ; Ger., Matnze; Ital., Matrice; Span., Cuiio^ Matriz, 

See Hand-Tools, Stocks and Dies^ 
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DIOESTEE. P»., MarmiUf G*b., Kdoinirtopf ; Ital., JHgeslore ; Span., Uarmita. ^ • 

A digester is a strong closed vessel, in whion bones or other substances may be subjeetedy 
usually in water or other liquid, to a temperature above that of boiling. 

DISPLACEMENT, Fb., D^placement; Qeb,, Verwtzung ; IxAn., Spostamento, Portata ; Span,, 
Liquido desalojado. 

Displacement. — Bodies, says J. Scott Bussell, which are designed to float in water, must be so 
designed, that when they are put into the water sufiiciently far to swim just so much out of the 
wat^ as is intended, the part in the water shall be of the exact size necessary to displace 
the quantity of water intended, and that the body which floats shall bo of the exact weight of 
the water it displaces. 

Let us see what will happen if this be not accurately done. Suppose the bulk of the body has 
been made too small for the weight which it is intend^ to carry, the vessel will sink deeper into 
the water than had been intended ; and by sinking so much it will displace the additional quan- 
tity of water necessary to make up the extra weight, and so, though it swims, it will swim too deep. 
More displacement must therefore be found to meet the deficient weight ; the vessel, which was 
intended to swim light, will swim deep in the water, unless her weight be diminished by lighten- 
ing until she return to her intended former depth. What is to be taken care of in the calculation, 
therefore, is, that at whatever depth it has been decided that the ship shall float in the water, — or, 
which is the same thing, at whatever height the upper part is to float above the water, — in that 
position the bulk of the part in the water, and the weight of the whole ship and its c/intents, must 
be so designed as to be exactly equal to the bulk of the water to be displaced by the ship, and the 
weight of the water to be so displaced. 

In a ship it is necessary to do more, however, than calculate one displacement. There are two 
critically important displacements to be calculated for every vessel— displacement when she is 
lying in the water ready to take in her cargo, or in the lightest state in which she will ever swim, 
that is, with a clean-swept hold ; this is technically called light-displacement. Tho other is load- 
displacement, which is calculated for the heaviest cargo she will ever carry, and tho deepest draught 
of water to which she will ever sink under load. These aro the two critical draughts of water, or 
depths of the ship in water. 

To calculate these, the constnictor must first a« 5 ertain the exact weight of the hull of the ship. 
He must include in the weight of the hull all tho essential parts attached to, and connected with, 
that hull. He must add to that the full equipment necessoiy to fit her for sea-going use; but ho 
must not include those stores — water, provisions, coals, and tsa on — which are to be consumed 
in actual service. This weight of hull and equipment for service constitute the data on whicii to 
construct the light-displacement of the ship. 

The load-displacement is next to be calculated. The data for this consist, firstly, of the light- 
displacement, and secondly, in addition to this, of all the stores, provisions, water, coals, and con- 
sumable commodities to be used on the particular voyage intended, together with tho cargo or 
freight of every kind which has to come on l>onrd. 

To the light-displacement corresponds what is called the light-draught of tho ship, and to tho 
load-displacement the load-draught. There is also the light-trim of the ship, and the load-trim of 
the ship. In some foreign tongues draught is called drep-goinfj of the ship, and this phrase gives 
the exact meaning of draught. Trim means difference of draught, or rather the diflerenco between 
the depth of the after part of the ship under water and that of the fore part 

It is usual to give a ship such trim that the draught of water abaft is somewhat deeper than 
the draught forward. In this case she is said to be trimmfKl by tho stern. If it wore the contrary, 
she would be said to be trimmed by the head. This is what is meant when it is said that a ship 
is trimmed 2 ft. by the stern, or 2 ft. by the head, this difl’erence of 2 ft. either way being techni- 
cally called the trim. When a vessel is trimmed neither by the head nor by the stem, but draws 
the same water forward and aft, she is technically said to bo on even kcicl. It is usu^ to take a 
middle draught, half-way between the fore and after draughts, and to call that tho mean draught 
of the ship; so that a ship which is trimmed to 21 ft. at the stem and 19 ft. at the bow, is said to 
have a mean draught of 20 ft. In this case it is common also to call this tho draught of water of 
the ship, and to call the greatest draught of water, whether at tho stern or bow, the extreme 
draught. In calculations of displacement we generally use the mean draught. 

The elements to be considered in calculating displacement are as follow ; — 


1. Dead-weight when light, 

2. Dead-weight when l^en. 

3. Light-draught of water. 


4. Light-trim. 

5. Load-draught of water. 

6. Load-trim. 


These elements settled, we can now calculate exactly the displacement of a ship of any given 
form, of which we may possess a design — firstly, for her light-draught of water ; secondly, for her 
load-draught. 

First, for her light-draught, we mark off on the drawing of the ship the exact port of the body 
of the vessel which will be under water when she floats light. We call this the immersed body of 
the vessel (light). We then measure^xactly, and calculate geometrically, the bulk of this im- 
mersed l^y. This bulk will be expressed in so many cubic feet — say 18,000. We next take tho 
weight given for the ship and her equipments when light — say 500 tons. 

Now we know that a ship will float at a given draught of water when the quantity of water she 
displaces is of exactly the same weight as herself. In this case her weight is given as 500 tons. 
The question, therefore, is. Whether the volume of water, namely, 18,000 ft. — which is the bulk of 
the immersed body, and which is, therefore, the quantity of water displaced — will weigh more or 
less than 500 tons ? 

Now it will be found that the bulk of 500 tons of water is just 18,000 cub. ft., and the displace- 
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ment of tho ship, as measured, is also 18,000 cub. ft. ; this, therefore, is the true light-displace- 
ment. 

Secondly, for her load-draught, we mark off on the drawing of the ship the exact part of the 
body of the vessel that will be under water when she is deep laden. We then measure exactly, 
and calculate geometrically, the bulk of that part of the vessel which was formerly out of the water, 
but which has now been sunk under it by the lading. This bulk is, we will say, 36,000 cub. ft. 
Thirty-six thousand cub. ft. of water weigh 1000 tons ; therefore 1000 tons is the de^-weight of 
cargo which the vessel will carry on the given load water-line. 

But the total load-displacement of the ship consists, first, of the light-displacement of 18,000 
cub. ft. ; second, of the lading-displacement of 36,000 cub. ft. more ; so that the total displacement 
of the ship, when laden, is the sum of the two, or 54,000 cub. ft. The immersed body of the ship 
at the load-draught has therefore a total displacement of 54,000 cub. ft. ; and the ship, with her 
cargo, floats a total weight of 1500 tons. 

It is thus that the simple law of Archimedes reduces the question of calculating the weight a 
ship will carry at a given draught of water, to a mere question of measurement of the bulk of that 
part of the ship which will then be under the water, and which we have called the immersed body. 
For every cubic foot of that immersion we allow the weight of that cubic foot of water, and thence 
obtain the number of tons weight the water will 8upfK)rt. This is said to represent the floating 
power of the ship ; it really represents the buoyant power of the water acting on the outside of tho 
ship. T)ie ship itself has no power to carry anything or to float ; all it does is to exclude the water 
and enclose thci cargo. Tho snip is merely passive — the water carries both the ship and her cargo. 
Buoyancy is, theriiforc, the power of the water to carry a given ship. It is proportioned exactly to 
the bulk of the body of the ship under water, and its force is measured by the weight of the water 
displaced, and which wc have called the sMp*s displacement. 

There is an important conclusion to bo drawn from this law, and it is, that the floating power 
of a ship has nothing to do with tlie shape of the ship, but is entirely due to its size or bulk. 
Practical ship-builders, ignorant of the laws of naval architecture, have imagined that they could 
confer surprising iwiwers of flotation, and ability to carry heavy weights, merely by giving proper 
shapes, imagined by themselves, to the immersed lx)die8 of their ships. Some of them, of con- 
siderable eminence, have been known to pass a long period of their lives under this delusion, and a 
very distinguished one even wrote a treatise on the subject ; but the delusion passed away, and tho 
authority of Archirntnies was re-establislied. The fact, however, of the existence and practical 
application of tho opposite opinion tends to show that the principle of flotation is by no means sedf- 
evident, and the discovery of Archimedes had great merit. Its practical value to us is its admi- 
rable simplicity, its unquestionable authority, and its absolute exactness. To understand its nature 
is, however, loss easy than to appreciate its value ; and it will take a great deal of thought to 
understand thoroughly, why no possible invention of shape can give to a ship tho ix)wor of greater 
or less buoyancy, than is measured by the exact weight of water which forms its displacement. 


Standards of Disflacritext. 


Weighu. 


Bulks. 



Sizes. 



ton 

*36 

cubic feet fresh water 

! 2x3 

X 

6 

feet 

fl 


t35 


sea water 

! 2x 2-r)X 

7 


♦62*5 

pounds 

*1 


fresh water 

1 X 1 

X 

1 


t<i4 


*1 


sea water 

1 X 1 

X 

1 


10 


1 

gallon fresh water! I 

6x 6 

X 

7-69 

inches 

1 


27 -648 cub. in.t 


3 X 1 

X 

9-216 


1 

ounce 

1* 

728 


1 X 1 

X 

1-728 


0-58 


1 



1x1 

X 

1 


2 

tons 

72 

cubic feet 


6x 6 

X 

2 

feet 

3 


108 



Gx 6 

X 

3 


4 

»> 

144 

»♦ 


6X 6 

X 

4 

M 

5 


180 

>» 


6x6 

X 

5 


6 

»» 

216 

»» 


6x6 

X 

6 


10 

n 

360 

n 


6x 6 

X 

10 

J1 

100 

n 

3,600 

ft 


6 X 12 

X 

50 


200 

n 

7,200 

ft 


6 X 12 

X 100 

it 

800 

n 

10,8 '0 

n 


6 X 12 

X 150 

it 

400 

ti 

14,400 



6 X 12 

X 200 

it 

1,000 

n 

86,000 

ft 


12 X 24 

X 125 

it 

lO.OOC 


; 360,000 

ft 


24 X 50 

X 300 

it 

20,000 


720,000 

n 


24x75 

X 400 

it 

80,000 

»» 

1,080,000 

ft 


24 X 75 

X 600 

it 


* 62*6 pounds s: — ^ tons ss -L tons nearly, and I ton =: 35*84 ft distiUed water. 

36*84 36 

f 64 pounds = tons exactly, and l ton = 36 ft salt water. 

t The imperial gallon la defined by the Act of 5 Oeo. IV., c. Y4, as containing 10 pounds of distiUed water, at a 
temperature of 620*6 Fahr., and also as measuring 277*274 cub. in. If we take ordinary fresh water at a lower tem- 
perature (40® Fahr.) as our standard, a cubic Ibot of frei^h water will weigh eMctljf 1000 ounces, or 62*5 pounds. All the 
figttres given above are connect vlthin a very fraction. 36 cub, ft of fresh water and 35 enb. ft. of salt water are the 
^caoticu numbera usually taken to meesare i (on of displacement 
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Simple form of Vessel^ as an Uxpenmenial Shape, is a Box , — To understand the functions of the 
shoulder of a ship^ and those of the bottom, and the tendency of both to effect tlie stability of the 
ship, it will not necessary to consider any but the simplest form which can float. Let us take 
for that purpose a square box of largo size, say 36 ft. wide, 27 ft. high, and of indefinite length, 
and let us sink it by a weight to 18 ft. deep in the water. Each foot long of a box having this 
breadth and height will carry a ton weight, for every foot of its depth in fresh water. Being 
36 ft. wide, a foot in depth displaces 30 ft. of water, the weight of which is 1 ton ; therefore, 1 8 ft. 
deep will weigh 18 tons: and suppose the box itself to weigh 6 tons to a foot forward, tlie v(*rtsel 
would carry besides itself a weight of 12 tons. Let us draw in the figure such a box, and across it 
the line of the surface of the water, which we shall call always the water-line. Let the Wf*ight on 
the box be also a box, filled with heavy lead or iron, represented in Fig. 2385 as placed on the 
top of it. 

This box truly represents a sliip, the weight truly representing a heavy deck-load, profK)8ed to 
be carried by the ship. It may represent the weight of an armament of artillery, or the weight of 
an iron-coated battery, or any other top-load 


2385. 2386. 



The question is, the ability or inability of that ship to carry that weight at that height out of 
the water. For this purpose we must conceive it to lean over on eitlH*r sale, and then examine 
whether it tends to return to the upright position end stand up, or to overset and let the weight 
into the sea. Let us, therefore, draw the ship in these two positions, Figs. 23S6 to 2388. When 
we have done this we shall see that there is a part of a ship which is never out of the water, but 
keeps always under the water-line. Let ns shade this part differently from the other. It is called 
the under-water body of the ship, and it is also called the upsetting part of the ship. This under- 
water body is bounded by, first of all, the bottom of the ship ; seccmdly, by the bilges, or corners of 
the bottom ; and thirdly, by a water-line of the ship in each of its two opjKwito fKwitions. It is, there- 
fore, pointed at the top, where it forms an etjual-sidod triangle, the afKJX of which is in the water- 
line. Two flat surfaces, therefore, form the top of this under-water l^otly, and tlie rest of it form 
the bilges and bottom, or under-water skin of the ship. It is this shaded part whose action is to 
upset the ship. 

Let us now examine the nature of the upsetting force produced by the under-water l>ody. 
Figs. 2389, 2390, For this purpose, I observe that it is a symmetrical IxKly, the right and left 
sides being of the same size, of the same shape, and in the original upright ixjsition of the body 
exactly balancing each other on lx)tb sides. 

We may, therefore, take its whole effect as concentrated in a point in its middle line. This 
point we shall call B, or centre of effort of the undor-water body. 

The buoyancy or upward pressure of this under-water body will take place directly upwards in 
the Ime B6, and it will l>o noticed tliat it is quite on one side of the c<mtro of tlie vessel. It is 
next to be noticed, in Figs. 2386, 2387, that the centre of the weight W is on the op[)Osite side of 
the upright line. When the ship careens over to the right, the weight also inclines to the righ^ 
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ani downwards ; whon the ship careens over to the left, the weight also inclines to the left, and 
downwards. 

We have marked the direction of its effect by the line downwards from W. 

2389. 2390. 




It will now be observed that when the ship is lowered on the right side, the eibict of the weight 
from alKive is to press it downwards on that side. Unluckily, at the same moment the effect of the 
under-wator hcxly is equally bad, raising the opposite side out of the water. The ship is beset by 
two opposite forces, which, nevertheless, conspire in their bad effect : one sinks the right in the 
water, while the other lifts the left out of the water, so that with opposite means both overset 
the ship. 

Stithility . — The substance and sum of what we know of the nature of stability is this ; — the 
shoulders alone give to the ship righting or uprighting poweir. No other part of the ship can bo 
80 formed as t^> inert'ase the righting i)f)wer given by the shoulders. The righting power given 
by the shoiiMcrs is equally effective in siiuaring the ship to the water, whether it be still water 
or wave water. 

The bottom of the ship, or the under-water body, can in no way help the ship to keep upright ; 
there is no kind of Uittom on wliieh the ship can bo said to rest in the water; the most that any 
undorlxxly can <lo, either by shape or size, is to take less away from the stability given to the ship 
by the shoulders, tlian some other shape or size of undt'rbfxiy takes away. Size of bottom, there- 
fore, or quantity of under-water IxhIv, lessens the stability of a ship; and has to be counteracted 
by the jK)wer of the shoulders. In short, l)ottoin up.set 8 the ship ; so much so, intleed, that if it be 
large an<l powerful, it may lake more than the whole |x>wer of the shoulders to keep it down, and 
nrevent tin* ship from capsizing. A large underbody, therefore, weakens the effect of the shoulder, 
by the whole of its upsetting jMiwor. 

It is only, ther<‘fore, the surplus power of the shoulder remaining over and beyond wdiat is 
employed to k(‘ep down the iinderlMKly, which w*e are able to make use of in carrying press of sail, 
or in 8 U})iK)rting top-W(‘ight out of the water. If tln;re be any such 8 ur])lus, it is oiw business to 
find out now much that is ; if it bo enough to carry j)ress of sail, and enough also to carry top- 
weight, then the ship may be able to do without haliast. 

liiilhsty in the general sense of the word, IRgnifies weights carried under the water, as 
distinguished from weights carrie<l aljove the water, or top-w'eight. There are two ways of 
ballasting a ship ; one i.s, by real lading, or stowing heavy weights under the water; the other is 
by putting weights, which are not parts of the lading, nor esseutinl parts of the ship, low down in 
the water, for the mere jnirjx)se of helping the shoulders to carry top-weight. Weight plac(xi 
under the w'ater, in either way, may be said to have the following effects ; — First, by Is ing under 
the water as far os the t(q»-weights are above it, it neutralizes the bad effects of these top-weights, 
and balances tliem. In this way under-water weiglit helps the shouhlers to carry top-weight. 

I'here is another way of l(M»king at the effect of under-water weiglit in giving stability; it aids 
the shoulders in keejiiiig dowm the umlcrlKMly. lu this way, as well as iu counterbalancing top- 
weight, iiTider-water weight lielps the .shoulders. 

Thus it is that there come to be three agents in stability; two arising from sha^ alone, and 
ono from disfHisition of weights, l^ho shape and size of shouhler give stability of form. The 
sha])e and size of nnderbiKly give instability of form. What of the pow'cr of the shoulder remains 
beyoml counteracting this underlxKly is the true surplus stability, or measure of righting power, 
for that form. This surplus is all that can be used for navigating a ship and carrying her top- 
weights. If more stability be wanted, it can be obtained by weight alone. All the w’cights of a 
ship, which have their common centre of gravity in the middle of the ship, just between the two 
shoulders, neither help the stability nor liinder it. Only weight placed below the middle of the 
should(*rs gives help, and increases stability; and if the centre of all the winghts of ship, cargo, 
and ballast, taken together, fall above the water line, the surplus jiower of the shoulders may 
enable her to carry sail. If not, tliere is no resource Ich but to lower the weights in her, or place 
ballast in her bottom; iu other words, to supply the defect of stability of form by adding stability 
of weight. 

As, therefore, stability of form is that power which the naval architect alone can confer on his 
ship; while stability of weight may afterwards bo regulated by those who lade, and control, and 
navigate the vessel; the form and action of the shoulders ore the province in whioli the skill, 
contrivanct^ and forethought of the designer can bo most powerfully and usefully employed. We 
shall, therefore, proce(?d to a general examination of the pow’crs and properties of shoulders. 
Wo may take shoulders as meaning those jxrtions of a ship which, in heeling contrary ways, 
rise out of, and sink into, the winter; or the parts of the ship between wind and water; what is 
below the shoulders being bottom, or under-water body ; the remainder, above the water, being 
called top-sides. , . . 

rwner of Shoulders to carry Shifting The power of the shoulders of » ^“own 

when heavy weights, which tend to overturn the ship, are sustained above the level of the wrater ; 
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Bho^ when they enable a ship to support heavy weights shifted out of the centre towards either 
side; also when they enable the ship to stand up under press of sail. This being the nature oi 
the work the shoulders have to perform, in order to prevent the oversetting of the ship, the manner 
in which they aoeoniDlish the work is as follows ; — One shoulder sinks deeper into the water, 
the other rises out. The effect is, that the shoulder in the water is increased in power by the 
quantity which ftdls into the water ; and the other is diminished in power. Thus, the burden 
which one shoulder can carry becomes greater than the other ; and the question arises, whether 
it thus becomes great enough to bear the additional force thrown on that side of the ship, or 
whether the force is too great and overturns it. 

The que^ion, how much the power of a shoulder is increased by its depression under water, 
depends on its size and shape, and on the place of its action. If the two shoulders are equal, and 
equally immersed and vertical at the sides, then the whole weight carried by both shoulders may 
be shifted to one side of the ship, to the extent of nearly | of the breadth of shoulder, without 
overturning. 

This may be well understood by studying the engravings which illuBtratc stability. Figs. 2391 
to 2396 show a pair of shoulders carrying weight out of water. First, the whole is shown supported 


3391 . 2392 . 
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one side by a given dietonce, and the extreme shift is 
measured by the total immersion of one shoulder and 
total emergence of the other. With each immersion 
the total weight carried is shown on these figures at 
the point at which it is exactly balanced by the sup- ' 
porting forces. 

Fig. 2412 shows the manner in which the centre of 
power of the pair of shoulders shifts with the difierent immersions of shoulder ; each successivo 
ooutre of effect being marked 1, 2, 3, 4, 5, 6, and so on, for the corresponding successive depths of 
shoulder. 




In the cases already examined, the depths of the shoulders are limited by angles of heel of 7 ° 
and 14® angle of shoulder. This is the standard angle for war vessels; but for merchant ships 
we use a heel of 14° 2', or 28® 4' for the angle of shoulder. This angle of shoulder is shown m 
Figs. 2413 to 2416, and the manner in which the centre of action of the pair of shoulders shifts 


3413. 2414. 



over to the rinMnc eide i* ahown elio. In Fig. 2416 the wdnt under the oentre of the shoolder is 
• tto oentre of en uo, in which ell the effective leveragfle of each dioiilder lie. 
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In Fig. 2417 the depth of shonider 
is taken as extreme. The centres of 
action are shown in each shoulder, 
and the joint centres of the pair are 
also shown. It is worthy of notice, 
that while the sinking of one shoulder 
and rising of the other take place to 
uniform successive depths, the centre 
of joint effect shifts over also by 
nearly equal steps to the sinking side. 
Depth of shoulder, therefore, makes 
no material change in the law of 
shift of the centre of action of these 
shoulders. Each half-inch of dip of 
shoulder enables them to carry a 
corresponding shift of nearly one foot 
of weight. 

On the Relations between the Shifting 
Power of Shoulder and the Shifting Place 
of fixed — Hitherto we 

have shifted the weights across the 
shoulders, so as to place them directly 
over the points of joint action of the 
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shoulders ; and thus we have made an arrangement by which the weight and the shifting support 
exactly meet. But, in fact, the top*welght of a heeling ship follows a law of shift of its own, 
which is quite independent of the shift of shoulder. For each inch of heel of shoulder the fixed 
top-weight will incline over to the sinking side through the arc of a circle, and describe a given 
number of degrees ; and it depends entirely on the height of the weight above the water what 
length the arc shall be, through which the weight will be shifted with that inclination. When 
tlie height is great, the arc large, the top-weight may travel faster than the point of support 
shifts, and upset; or it may travel slower, and stand. It depends entirely on whether the 
weight travels slower or quicker than the point of support shifts, whether the ship is stable or 
unstable. 

Figs. 2418, 2419, show these two cases. In the former the weight is high, and travels faster to 
the sinking side than the centre of support at the shoulders, and so would upset. In the latter, 
the centre of effort of the shoulders travels the faster, and gets always beyond the line of weight, 
so as to right the ship. It is also noticeable that, by lowering the weight in Fig. 2418 to a height 
shown by a dotted line, the shift of the weight might be diminished so as to become, at a certain 
point, exactly equal to the shift of centre of action of shoulder ; and then the body would rest 
inclined exactly in that position. This dotted line, therefore, indicates the limit between stability 
and instability. It may be called the line of balanced stability. 

Hound Shoulders . — We have hitherto taken the shoulders, when upright, as having straight 
vertical sides, which is the common case of straight-sided ships. Fig. 2420 is the circular shoulder^ 
and shows a similar equable shift 
of the centre of joint action of 
the shoulders with the heel of the 
ship. Fig. 2421 shows that the 
fixed top-w'eight shifts by a law 
which is not uniform. The shift 
of the centre of effort is uniform, 
and that of the weight is de- 
creasing. The top-weight shifts 
faster than the centre of support. 

A dotted line shows whore the 
top - weight should bo placed, 
exactly to balance the suppjrt 
duo to the pf)8ition. The power 
of slioulder to carry weight de- 
pends, therefore, on this simple 
question. Whether the centre of 
joint effort shifts farther and 
faster than the centre of the top- 
weight travels in the same direo 
tion? and every case that con 
arise may be solved by the con- 
struction of a diagram similar to 
the figures we have engraved ; or 
by a calculation founded on the 
same method. 

Inclined Shoulders show a very 
different law of stability from 
either straight or round shoul- 
ders. If we divide a pair of in- 
cliiKxl shoulders by radial lines, 
cutting off equal parts of the 
inclined line acK)vc, we shall find 
that these lines out the under- 
water )Hirt of the shoulders into 
une(]ual triangles. The out-of- 
water {>art of the shoulder being 
large, the under- water part is 
small. 

This variable power of shoul- 
der to carry weignt with, variable 
inclination, unfits it for the pur- 
pose of carrying a fixed heavy 
load with fixed stability. The 
diagrams show — 1st, the constant 
weight carried by the equal shoul- 
ders as they incline; 2nd, the 
power given by the exoess of 
shoulder on one side to carry 
increased weight ; Srd, the place 
where such increase of weight 
would be supported. The len^hs 
of the arrows measure the forces 
ih^ represent See Figs. 2422 
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DISTANCES. FB..i>iV 
tance; Geb., Entfermung ; 
Ital., Distanze, 

Distances and heights de^ 
termined without moving 
from a given point or sta- 
tion to any other point or 
station. 

EckhMs Geodesical Omni- 
meter, Fig. 2428. — This im- 
portant mathematical instru- 
ment effects several geo- 
desical operations; namely, 
the measuring of distances, 
whether inclined or horizon- 
tal ; the determination of 
altitudes; and the measur- 
ing of angles, horizontally 
or vertically. In fact, this 
one instrument does the 
work more expeditiously 
than, and supersedes the 
use of, the chain, level, and 
theodolite. 

Distances and altitudes 
may be obtained without 
changing the position of the 
instrument at one and the 
same time, by one single 
and unique operation; and 
that, too, with greater exact- 
ness and facility than by 
any other means which has 
hitherto been employed. 



Distances of 100 ft. are determined exact to 0*001 of a ft. 



ft 

t» 


0*06 „ 
1ft. 

0 0006 of a ft. 
0*002 


DISTANCES, 


1211 


Tho instrument is formed b;^ combining a powerful microscope a S, Fig. 2428, with a telescope od^ 
and a micrometer e /, which gives measures on a horizontal scale, divided in half milliin^tiee^ 
ilaced at A B, as fine as 




0000002 of a mbtre, or 
0*0002 of a millimetre. The 
roicrosco^ a 6 is perpendi- 
cular to the telescope c d, and 
both move on the same axis 
(). The perpendicular dis- 
tance from the centre of the 
axis 0 to tho scale A B can 
bo found to any required 
degree of accuracy; it is a 
constant quantity in each 
instrument. The bases and 
the perpendicular of any 
numl^r of triangles may bo 
taken by the use of tho 
microscope, micrometer, and 
scale A B, with accuracy, 
which triangles will be simi- 
lar to corresponding ones 
taken by the telescope. The 
most important triangle 
given by the telescope is that 
formed by supposing two 
lines to pass through the 
telescope, one to the head 
and the other to the foot of 
a staff of known length, held 
perpendicularly at a point, 
the distance of which is 
retjuired, or held perpen- 
dicularly in the direction of 
a required height. The 
similarity of the triangles 
here referred to may be es- 
tablished by plane geometry as fol- 
lows 

In Fig. 2429, if O D bo perpendicu- 
lar to O H, rn O to O A, O to O B, 
and AB prpendicular to mm'; then 
the triangles m m' O and A O B, m D O 
and A O H, m' D O and B H O are re- 
spectively similar. For the angles 
m'OH + HOB = m'OH-i-DOm' = 
a right angle; therefore, the angle 
H O B =r D O m', and the triangles 
m' D O and B H O are similar, because 
the angles O D m' and O H B arc right 
angloa In the same manner it may be 
shown that the right-angled triangles 
m D O and A H O are similar ; and 
consequently the triangles mm'O and 
A O B are similar. 

Hence we have the following pro- 
portion; — AB : OH mm' : OD; 
then O D) or the distance 
_ OH X mm' 

® AB 

Again, AB : BH mm' : m'D; 
theii m' D, where tho perpendicular 
distanoe O D strikes m m', 
mm' X BH 
AB • 


2428. 



When the horizontal distanoe O D is determined, any other height P Q in the direction of mm' 
is readily found, for when the telescope is directed to P and Q, the microscope aoonrately detei^ 
mines p q : and as before shown, the tnangles O P Q and Op q are s imi la r i 

pq X OD 

OH OD : PQ; any height PQ = — — . 

Since OH may he put = 1, 10, 100, 1000, 10000, and so <m, the calculation becomes ex- 

SaS take another case. Pig. 2430, where mm' is ptaoed above the horizontal line OD. 
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Then, as in the fonner case, m* O is perpendicular to O B, m O to O A, and D O to 0 H. A B H 
being horizontal, it is parallel to D O and perpendicular to D m' m. 

Therefore — j/ m'OD = ^ DOHa right angle ; 

andZm'OH- Z, BOH= ^BOm' „ 

Hence, the angle w' O D = the angle BOH; and as the angles D and II are riglit angles, the 
triangles m' O D and BOH are similar. 

In the same way it may be shown that the triangles m D O and A O H are similar. 

Consequently, the triangles mm* O and A OB are similar, and we have, as before, 

AB : OH :: mm* : OD; therefore, the distance OD = 

The horizontal distanc^e OD being found, any other height PQ in the direction of mm* is 
instantly obtained, for when the telescope is directed to P and Q, the microscojw gives p q ; then, 
as before shown in the other cases, the triangles O P Q and O pq may be proved to be similar ; 

then OH:pq::OD:PQ; therefore, any height as P Q = * 

O xi 

Principal Parts of the Omnimeter, Fig. 2428. — 1. A powerful telescope cd, connected with 

2. A powerful microscope ab turning on the same axis O. 

8. A scale A B divided into half millimetres, moved by 

4. A micrometer-screw, with 

5. A circular disk e f divided into 500 equal parts ; one turn of this disk moves the scale half a 
millimetre, this is the limit of its range. 

6. A graduated circle q for measuring horizontal angles. 

7. A level, fixed on 6, to adjust the horizontal plane. 

8. A second level h i which can be placed on the telescope c d, 

9. An arc for measuring vertical angles, without which the instnimont would be incomplete. 

This instrument is portable and easily manipulated; its parts are readily controlled, adjusted, 

and rectified. Fig. 2428 is of an instrument manufactured by Elliott, Bros., London. 

Accompanying the instrument there is a levelling staff mm', Figs. 2429, 2480, not divided but 
of an invariable length, which length is defined by two white lines or marks on a black ground, 
one at the upper extremity at m, and the other at the lower extremity m'. 

Mode of Operatinq with the Omnimeter, — First ; place the staff in a vertical position at one ex- 
tremity of the line to be measured, and the instrument pro|jerly adjusted at the other end ; care 
must be taken that the micrometer is at zero. 

Secondly ; direct the telc8cx)pe to coincide with the upper line of the staff, and clamp it ; then 
looking through the microscojx) at the scale, which is advanced and the fractional jnirtof a divi.sion 
measured by turning the micrometer-screw; we thus place the line of the scale (the mi<To.s(^ope 
reverses) between the two horizontal cross-lines of the microscope and ascertain the fractional part 
of the scale between that line and the cross-lines. For exnmj>le, 8upiK)se the numb(;r on the scale 
TOintcd out by the microscope to be over 67, that is, something more than ()7, we affix b) the right- 
hand side of this number the value of the fraction which is given by the vender of the micrometer ; 
suppose this number to be 203*5 out of the 500 between each of the two consecutive divisions of 
the scale, then the reading would be 67203*5. Should we obscirve an unnumbered division, we nede 
the quantity of the preceding line and add ,500 to the quantity given by the micrometer-circle, 
because 500 parts of this circle ecjual half a millimetre. 

Thirdly; a similar operation has to be iKirformnl when the lower white lino on the staff is 
sighted ; it may be here remarked that it is very essential to ixunt with the telescoj)e and micro- 
scope in the same manner. 

Suppose on a second reading from a second sighting we pass the unnumberoil division on the 
scale between 66 and 67, and obtain 1*5 from the micrometer-circle, the number 66501*5 = 66000 
-f 500 4- 1 * 5 is obtained. 

The operation with the instrument is now completed, and we ore in possession of the required 
data from which distances and altitudes may be calculated. 

To determine Jjistances, — Take the difference of the two readings, which is 1202, in the present 
example, for 

From 67203*5 

Take 66001*5 

Gives 1202*0 the difference. 

1202*0 represents 0’"*001202 in parts of a metre. 

For 67203*5 = 0«"*0672035 
and 66001*5 = 0™ *0660015 


0™*0012020 

OH = O’" *15, by the construction of the instrument, Figs. 2429, 2430. 
mm' = 10 ft., the invariable length of the staff. 

AB = 0'"*0012020 or 12020, if 0««*15 bo put ^ 1500000. 

Then referring to the proportions and Pigs. 2429, 2430, we have the horizontal distance 


0«*15 X 10 1500000 

0 "** 0012020 “ 12020 


1247*92 ft. 


It is evident that 1500000 becomes a constant quantity. 
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It is e&fiily seen that the divigions of the scale of the micrometer may be of any convenient 
corresponding length, as they are only required to represent ratios, and may represent yards, 
metres, or any other measure. 

The base line of the instrument O H, measured from the point of rotation of the microscope, 
perp^dicular to the scale, may be accurately determined by carefully measuring a distance from 
the instrument to the staff held in a perpendicular position, or O H may be found by a mathe- 
matical investigation. In finding the base line O H, we must be convinced that the optical axes- 
lines of the microscope and telescope are in the same vertical plane, or rather in parallel vertical 
planes, perpendicular to each other. To eftect this adjustment we sight firstly, a staff of 10 ft. ; 
and secondly, of a shorter length, say for example one of 5 ft., at the same distance, and see with 
the acquired data if the base lino O H of the instrument remains in each case proportional to the 
distance ; should this not be, the cross-lines of the microscope must be moved by the motion of their 
adjusting screw. 

LeveUin(f . — The manner of levelling consists in determining the lines A B and B H on the 
scale of the instrument ; the first being proportional to the staff, and the other to the altitude or 
the height over or under the level of the instrument. The first of these lines, A B, wo find, as 
before described, by sighting the staff; the second, BH, by determining on the scale the point H, 
calh^ the stationary |K)int of the scale, which is given by the optical axis-line of the microscope, 
wlnm the telescope is brought horizontal by means of the level attached to it. The point H, 
marked (8), is constant and serves for all calculations in levelling operations; suppose, for 
example, (8) to be at 500010, on the scale, wo then have the line BH by the difference between 
the nunilH^r B acquired by sighting the staff, and the number of the stationary point H which, 
in the example that we have taken, gives 

660015 

500010 


160005 = BH. 

Then by substituting in the proportion, we have, 

mm' X BH _ 10 ft. X 160005 _ , 

«D= -+133 115 ft. 

The heights are termed positive or negative according as the scale readings are greater or less 
than tlie stationary iK)int. We have adopted the following simple tabulated form for noting the 
readings wlien distances and altitudes are being measured. 


suur 10 ft 

From the 
Scale. 

Omnimetcr. 

Levelling. 

Observations. 

Constant of 
Distance, j 

j Distance In 
Weet 

1 

Starting* 

point 

Height in feet. 

UpjMjrline.. 

Lower lino .. 

672035 

660015 

12020 

15000000 

1247*92 

1 

.500010 

660015 

l(i0005 

+ 

133*115 

- 



To avoid dividing the constant dividend, we may construct a small table, from which, by mere 
inspection, the distances may be taken. 

Advantaijes of the thnninuder, — First. That, having a constant starting-point for levelling, we 
have nothing further to do with the oollimation of the optical axis of the telescope. 

Second. That we are enabled to measure and to level at very 
long distances on horizontal or on inclined planes. 

Tlurd. That we have but one and the same unique operation for 
measuring both altitudes and distances. 

Fourth. That the operator, always pointing the telescope on the 
same two well-defined lines of a staff of a known length, has not the 
same hesitation in reading as with an ordinary levelling staff, with 
which there is an element of guess-work not found in using the staff 
of the omniiueter. 

The length of the base, 0 H, of the instrument, and the position 
of the neutral point, or H, on the scale, may be determined mathe- 
matically as follows, without resorting to experiments. 

Let rs ~ < 1 , Fig. 2431, any distance measured on the scale, subtend- 
ing the known angle A. 

at = h any convenient distance measured in continuation, subtend- 
ing the angle B. 

Then put x = the unknown angle O r II, and Z = the unknown 
line O 5, 

Then we have a I Z ll sin. A * sin. x ; 

and Z : 6 :: sin. (A+ B + x) : sin. B; 
a : 6 : : sin. A sin. (A -|- B + x) : sin. B sin. x 
6 fiin. A sin. (A + B + x) = a sin. B sin. x. 


2431 . 
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But sin. (A 4- B + a:) = sin. (A + B) eos. x + cos. (A + B) sin. m , 
b sin. A [sin. (A + B) cot. x + cos. (A + B)] = a sin. B ; 

.•. sin. (A 4* B) cot. x = y — cos. (A 4- B) ; 

6 sxn. A ^ 

. o sin. B * / A . UN 

h sin. A sm. (A 4* B) 

Hence x becomes known ; and since sin. (A 4- B) ’ (a 4- I * siJi- ( A 4* B 4- J?) • 
(a 4- 6) sin. (A 4- B jr) 

ro = — - — , A T ri; ' J consequently, 


and 


rO sin. X = OH = 


( g 4- b) s in. (A 4- B 4- ar) s in, a r 
sin. (A + B) 


r H = r O cos. x = 


(g 4- si n- (A 4- B 4- x) cos, x 
sin. (A 4* B) 


DISTILLING APPARATUS. Fb., Appareil distiUatoire ; Gkr., Destinations Apparat ; Ital., 
Apparecchia distillatore ; Sl*AN., Ajtarato de destilacion. 

Distillation is the volatilizntion of a liquid in a closed vessel by heat and its subsequent con- 
densation in a separate vessel by cold. The term is principally applied to the operation of 
extracting spirit from a sub- 
stance by evaporation and con- 
densation. 

Destructive distillation is the 
distillation of substances at very 
high temperatures, so that the 
ultimate elements are separated 
or evolved in new combinations. 

Dry distillation^ the distilla- 
tion of substances by tiiera- 
selves, or without the addition 
of water. 

The apparatus commonly 
used consists of a cnpf>er boiler 
B, Fig. 2-132, for holding the 
liquid to be distilled; C tho 
head of the still, which is mov- 
able, lifts out at c. and is con- 
nected by D with tho worm E. 

The worm is a f)ewter pipe 
coiled round in a tub F, and 
issuing at G. The steam fron 
the boiler passing into the worm 
is condensed to the liquid state, | 
being cooled by the water in 
contact with the worm ; this water, becoming heated, passes off through the pipe H, and is rei>laced 
by cold water which is allowed to enter through I. 

The Distillery of W, Macfarlane^ of GlasyoWy is one of the largest distilleries of the kind ; it contains 
a great number of the most modem arrangements, all executed on a very large scale. The produce 
tion of alcohol, in its abstract scientific principle, is the cx)uversion of the starch contained in Hour 
or grain into grape-sugar, and the subseciuent conversion of this sugar into alcohol and carbonic 
acid. The conversion of starch inh) sugar is a mere change of arrangement of atoms, as far as 
chemistry is able to teach at present, that i.s, the starch and sugar contain the same elements — 
carbon, hydrogen, and oxygen — in the same percentage and proportion, only differently arranged, 
as we are not allowed to say crystallized with regard to a substance like starch. Th(^ conversion 
of starch into sugar is an effect of simple heat and moisture, and may be brought about in two 
ways. First, the slow action of the process of growth, by brindng the grain into a similar condition 
in which it commences growing in the soil, and checking this growth by drying when the {>er- 
centage of sugar has arrived at its maximum ; this is the operation of malting. The quicker pro- 
cess is the mashing of unmalted or raw grain, mixed with a certain proportion of malt, the diastase 
of the latter effecting the necessary conversion of the unmalted grain. In Macfarlane’s distillery 
both processes are in use, and most of the spirits are made from a combination of malted and raw 
grain. The grain, after the process of growing, or the other preliminary operations of this growing 

{ irocess, must be dried, and this is effected in the malting kiln. The simplest form of kiln has a 
arge floor of perforated bricks or tiles, upon which the malt is spread and exposed to the heated 
air arising from a fire below this floor. The perforated bricks have in more recent time been re- 
placed by cast-iron plates, having a series of narrow slots or perforations for the transmission of 
the heat^ air. An arrangement of malting kilns in superposed stories or floors is carried out in 
Macfarlane’s distillery, which is very economical in space, and probably also in fuel. There are 
three superposed floors, each perforated in the usual manner, and fitted in the centre witli one or 
t^ discharging holes. The fire is in the ground floor below these kilns, and the fresh malt is 
brought upon the highest level, or top floor, first of all. Tho heated air, rising through all the 
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Ir^lna, evapomtes the gvora bulk of the water, and. after a number of hours, the grain from the 
upper floor is discharged into the lower one through the central discharging hole, the contents of 
the second kiln being previously discharged into the lowest compartment nearest to the fire, where 
the malt is finally dried and removed ready for use. There are some difficulties in working these 
kilns, arising from the necessity of passing the steam formed by the malt in the lower chambers 
through the grain spread over the upper floors ; but, as a whole, these three-story kilns work very 
well, and save much space as compared with single kilns. An extraordinary drying kiln is that 
used by Macfarlane for drying the unmaltod grain. This is a large square building, carrying a 
perforated floor about 30 ft. or 40 ft. above the ground, and having no other floors or partitions 
throughout this entire height. Below the perforated floor an open passage is left for heated air, 
which is driven through at high speed by means of a large fan, and ascends through the floor and 
through the grain sprend over it. The grain, when dried, is discharged through trap-doors or 
holes in the floor, and falls into the large space below, where it is allowed to accumulate up to the 
height of the air-passages, say within a few feet from the drying floor. This enormous store of 
dried grain forms a kind of pressure reservoir, delivering grain in a continuous stream from its 
bottom through tubular passages fitted with Archimedian screws. This kiln can dry 1200 to 1500 
bolls of grain per day. The fan we understand to be 14 ft. diameter, and the heating of the air 
is effected by its being passed over a series of pipes heated by steam, the air outside and the steam 
inside the pipes moving in opposite directions. One of the most imposing articles in this distillery 
is the vessel in which the malt is mixed with hot water or mashed. This is a cast-iron cylinder 
30 ft. in diameter and 8 ft. deep to a perforated false bottom, the real bottom being some inches 
below this. In the centre is a column round which a set of mechanical mixers turn and revolve, 
driven by gearing working in a circular rack, which runs all round the circumference of this large 
vessel. The capacity of this vessel is 30,000 gallons, and it is filled with fresh materials every six 
or eight hours. The capacity of this vessel virtually gives the limit of the productive power of 
this establishment, as all the material converted into spirits there must passthrough this apparatus. 
The function of the mashing process is to extract the sugar from the grain by dissolving it in water, 
and to draw off the w’ort or saccharine liquor ready for fermentation. The liquor, as drawn from 
this vessel, is pumped into fermenting vats made of wood, and hooped with iron. There are 
numerous vessels of this kind in this distillery, each holding from 9000 gallons upwards ; but the 
most remarkable fermenting vats are two vessels of extraordinary size, each capable of holding 
52,000 gallons of liquor, Tlie fermentation is n process in which no mechanical means are em- 
ployed. The sugar, under the influence of a moderate temperature, and stimulated by the action 
of yeast, decoinjwses spontaneously, and, without taking up any other element from cither air or 
W'ater, is divided into alcohol and carlxmic acid, these two substances, when added together upon 
paper, making up the conijosition of sugar, although, in reality, no chemist has ever succeedeil in 
pnxlucing sugar from these two substances. The w’ort filled into the fermenting vat yields about 
10 |H3r cent, of refimnl spirits, but for obtaining these latter it is necessary to separate the alcohol 
from the rest of the liquor by means of distillation. This last process effects no chemical change ; 
its ratkmale is siniply to separate the more VJ)latile idcohol from the le.s8 volatile liquor iu whieli it 
is containwl, by raising the mixture to a temperature which is above the boiling-})oint of the first, 
and below that of the second substance. The old and primitive mode of operation consists in using 
a large still made of co[)per, and coiniiiunieuting with a condenser, and heating this still by means 
of the dinnrt action of a fire luaiiitaiiuxl Inflow it. The second and more modern form is to distil 
the alc^diol by means of steam, which passes thrfmgh u series of cellular vessels through which 
the fermented litjuor is slowly moving in a i*outinuous stream. The action of this system is con- 
tinuous. and far more under control tlmn the former. Nevertheless, both systems are at present in 
use, alia must be simultaiu'ously maintained to meet the demand for different kinds or differently- 
flavourtHl sjiirits. The distillaiion by direct heat produces the Irish whisky, which is without 
doubt the htjst whisky in the world : while the other mothwl yields Scotch whisky. The difference 
is very material, as the former spirit contains a series of volatile protlucts b<*sides alcohol, which 
are removcxl from the product iu the process of distillation by steam. The most noteworthy 
amongst those admixtures of Irish whisky is a small percentage of fusel oil, a spirit of similar com- 
position to that of alcohol. It is obvious, therefore, that the flavour of some kinds of spirit is 
nought at a high price, as far as their effect upon the health of the consumer is concerned. There 
is, however, no marki'tahle spirit entirely free from volatile products different from alcohol, most 
of which are of a le.H8 noxious character than fusel oil. A new set of stills for Irish whisky has 
recently lieen set to work at Macfarlane’s distillery. It consists of three copper stills, delivering 
their products from one to the other in succession, so as to distil the product three times over. 
The first still, containing the fresh liquor from the fermenting vat, has a capacity of 13,(»90 gallons ; 
the second still hohls 0820 gallons of weak spirits, and the third still has 4020 gallons measure- 
ment. This whole plant is of a very striking appearance, and executed with great nicety of 
workmanship. 

Figs. 2433 to 2436 are transverse sections of this distillery. 

These illustrations represent a 20-(ir. mashing plant, equivalent to the production of about 
2000 gallons of spirits in the usual weekly distillery period. It is arranged to work entirely with 
steam, and to have no pumping, except that of tlie worts, from the underback to the refrigerator. 
In the engravings the refrigerator is shown over the fermenting backs, but it may be plac^ with 
e(|ual advantage in proximity to the underback. The oooling floor is not shown, as it is quite 
unnecessary where a Morton refrigerator can 1^ applied. 

Beneath the malt-stor^ are the steam-engine, steam-boile:^ and malt-mills. The malt being 
kept under bond, the commencement of a period begins by giving the excise officer notiw to grind, 
and the malt is measuit^ out in his sight into the unground malt hopper. From this it descends 
to be onished in the mill e, rising by means of elevators to mund malt hopper For the aike 
of the general reader, we may mention that the grinding is all performed under look and key (the 
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miller being looked up in the mill), and a fresh notice is reqnired before the malt can be i)Bed 
mashing. The mashmg process is exactly the same as that performed in breweries; the malt 
falling from the hopper, meets, in the intermediate masher h with the hot water, and when the 
two have properly mingled together they fall into the mash tun j, where they are still further 
amalgamated. The premer heat at which tlie malt is wetted, and at which the contents of the 
w nmh tun stand when finished, furnishes the key to this operation. After resting for a time to 
allow of the conversion of the malt into sugar, the extract is allowed to drain off into the under- 
back ^ which, in the plans shown, is intended to act ns a jack-back, and is large enough to allow 
of the worts b^ng declared in it before being pumped to the fermenting backs. It is likewise 

9433. 2434. 



proposed that the sprinkling system, as practised bjr brewers, be employed to complete the 
extraction of the goods after the first mashing; and this being the case, the sprinkling on of hot 
water over and the draining off the wort from below the goods would continue until the gravity 
assumed for declaration (generally about 10*50) was reached. When a sufilcient (quantity has 
been got off for fermentation, the goods are mashed up again, and re-drained so long as any extract 
remains. These weak drainings are pumped into the sparge-back i* (or, as the Excise have it, 
brewing copper), and heated up for use in place of water in the next day’s mashings. In passing, 
it may oe remarked that the sprinkling system ought to be fully adopted in malt distilleries, as 
with it in declaring at a gravity of 1*050 all extract of any use can be taken off the malt, and 
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spnr; 2 :ns, with Ihcir very doubtful advantages, done away with, or, at all events, reduced to within 
lower limits than is the case at presents 

I’o return to the circle of operations, after declaration of quantity arid strength, the wort Is 
pumped to the refrigerator 6, by the wort-pump attached to the steam-engine, and cooled to from 
tiH ’ to 78' 1? uhr. (according to the size of the wash-back), and run into tlie wash-backs m m m, and 
2 per cent., oi tliereabouts, of yeast added. The fermentation is completed in from 3b to 72 hours, 
all the saceluirine matter being converted into alcohol ; and the wort, which stood at a specific 
gravity of 1 O.'iO, standing as wash at the gravity of water, 1000, or even under, when the attenua- 
tion has been perfect. 

In due course the wasli is run into a wash-charger, its attenuation having been declared for 
distillation. From the wash-charger the wash-still o is cliarged, and evaporation began as soon as 
j) 08 sible. The evaporated products pass into the worm p, whence, being condensed, they run 
ncrf) 8 s the still, thfi Ijouse, through the safe 7 , into the low-wine receiver r. From the low-wiwe 
receiviir r tlie feint-still a is charged ; and the charge, cvapf)rated and condensed in the worm f, is 
run througli tiie safe into tlie hunts receiver «. From the feints receiver n tlie spirit-still v is 
charged : and the charge (jva])orated, and condensed in the worm w. is, like tlu; others, run through 
the safe, and into the sjiirit reeeiver //, a marketable article. From y it is again ileclared as to the 
strength and quantity, and rim into the cellar vats zz^ and again racked oif into casks for con- 
sumption and bonded in duty-free warelmuses. 

While this is the routine from ves-el to vos.sel between fermonting-lmck to spirit-store, yet the 
fact is that no two part.s of the country pursue f*xaetly the same praetiee. In tlie Highlands, 
where liigh-fiavoimul whisky is wanted and made, a lurgii portion of the spirit is taken from the 
low-wincs ; while in the liowlands, w'here a plain s|»irit is made, it is taken mostly from tlie h ints. 
The arraiigeiiKUits of this distillery provide for a mixture of clear low-wines and feints to produce 
the s|)irit. 

The foul and w(‘ak distillates from wash and feints stills are retained in the low-wine receiviT 
for further distillation, the clear and strong products only going forwarrl to the hunts reeeiver, to 
eliarge tlie spirit-still ; tlie latter .still is phieiul so Jiigli that the feints from it gravitate back to 
the feint-still, and are accounted for in the .stoek at the end of the period. 

The purilieation of s[Mrit by repeated boiling results in the eoiistant decrease of the boiling- 
point, as it ineri'ases in purity, and, <»f eoiirse, as the boiling-) mint lowers, towards that of jmro 
aleoliol, or 173 Fahr., so is the distiller enabled to sejiarate tlie distillates coming ofi* at low tem- 
peratures from tho.-e which reijiiire a higiier tem|»eratur(* to cause tluun to eva)H)rate. 

Inattention i«», and ignorance of, the i)rinci))les involved in tlie evaporation of the various sub- 
stances of vegetuhh' origin, niixiul n]> with distilling wash, is tlie prinoijial cause of so much Vrile- 
fiavoured and uiiwhole.some, or, in fact, poisonous material, under the name of spirit, being brought 
into the miirki't. 

Sjih'lfs . — The variidies of ardent spirits are obtained from fermented liquids by distil- 
lation, HO that they consist essentially of alcohol more or le.-5.>> diliit(‘d with wat(‘r. and flavoured 
either with .some <»!' the volatile products of the fermiuitatioii, or with some essential oil added for 
tlie purj)o.m‘. 

Jiran'fy is distilleil from wine, and coloured to the required extent with burnt sugar (caramel). 
Its flavour is due eliielly to th(‘ presence of ouuintliie ether derived from the wine. The colour of 
gemiiiu' pule brandy is due to it.s having remained so long in the ca.sk n.s to have dissolvecl a 
portion of hrown enlouriiig matter from the wimhI. and is therefore an indicafiiui of it.s ace Hence 
uroHc the cn.stom of adding <*aramel, and sometime.^ infusion of tea, to iiiqiart the astiingeney duo 
to the tannin <li.'<solved from tln‘ wo<h1 by old brandy. 

\V/iis/i’/ i.> distilled from fermented iiialt which lias been dried over a peat fire, to wliicli the 
characteristic, .smoky flavour is due. 

<im is al.so pre|>ari!d from fermented malt or other grain, and is flavoured with the essi'iitial oil 
of juniper, deriveil from juiii})er herrit‘s, Hdd<*d during tlie distillation. 

Jiiwi is distil h‘d from fermented molas»es, and ai»pears to owe its flavour to the presence of 
butyric eth<*r, or f>f some similar compound. 

Arnick i.s the sjiirit obtained from fermented rice. 

Kirs< ‘/ui'iissi-r and nuintsi'/iino are distilled from cherries and their stones, which have been 


crushwl and fermented. 

Some varietii‘H of Hritisli brandy and whisky arc distilled from fermented jiotatocs, or from 
a mixture of ootatoes niid grain, when there distils over, together writh ordinary alcohol, 
another spirit iKdongiiig to the same class, but distinguished from alcohol by its nauseous 
and irritating ixlour. This substance, which is known as potaia-sjunt, iimylic alcohoh or fouscl 
Oil (OioHjjOg), also occurs, though in very minute quantity, in genuine wino-lirandy. Tlio 
manufacturers of spirit from grain and potahu's remove a considerable part of this tiisagree- 
ablo and unwholesome substance hy leaving the spirit for some time in contact with wood- 
charcoal. 

Alcohols and their Derivatives. — The alcoliola are all composed of carbon, iiydrogcn, and 
oxygen; the members of the scries represonttHl by common alcohol always contain two equi- 
valents of okygon, and two more equivalents of hydrogen than of carlnm. The number of 
CK^uivalcnts of carlxm and hydrogen is always an even number, so that the general formula of 
an alcohol of this senes may he written thus, -s ..O^. Thus, in ordinary or rmte alcohol, 

= 2; in wood-spirit or nwthylic alcohol, CaH/)*, n = 1 ; in potato-spirit or amytw 
alcohol, C,oH,gOj, n = 5. v u 

These alcohols constitute, therefore, a truly homologous series, of which many m^bers, how- 
ever, remniu to be discovered. . ^ , 

The following Table includes the alcohols of this series which are at present known : 

NAWAa JUNU 
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Chemical Name. 


Source. 


Equivalent 

Formula. 


Common Name. 


1. Methylic alcohol 

2. Kthyiic ,, 

3. Propyl ic „ 

4. Butyl ic „ 

5. A my lie ,, 

(5. C’siproic „ 

7. CEmiiitliic „ 

S. C’a]irylic „ 

10. Kutic „ 

12. T^auric „ 

10. Cetylic „ 

27. Ccrylic „ 

30. Meiissic „ 


Destructive distillatiott of wood .. 

I Vinous fermentation of au^ar .. 
i Fermentation of j^ropo-husks .. 

I Fermentation of beet-root 

I Fermentation of |K>tatoc8 

Fermentation of "raix}-lmsks .. 

I Distillation of castor-oil with iwtash 
! Fermentation of grape-husks . 

Oil of rue 

Whale oil 

Spermaceti 

(Miiiiese wax 

Beeswax 


C,H,0, 

C,H,0, 

H, A 
C.,H,A 

^ 04 ^ 11,02 

c.4n,,02 

1 


Wood naphtha. 
Spirit of wine. 

Fousel oil. 


Ethal. 

Cenitine, 

Melissine. 


The usual gradation in properties attending tlie gra<lation in composition among (he members 
of a homologous series, is strikingly exemplitied in the class r>r alcohols. The first eight members 
of the group, linked togetlier as they are by an alnio.st ctmimon origin (being derived, with one 
exception, from the fernumtation of suhstances m arly allied, ami that «‘xeeption being n product of 
destructive liistilliition which may he regaided a.s an necelerati'il fermentation), ami by a regularly 
ascending comiK)sition, would be expected to re.‘*«“mble each r>ther in tht ir properties far more 
closely than the other moml)ors of the rla.s.'*. Aeconlingly we fiml that rnethylic, ethylic, propylic, 
butylic, amyl 1C. caproic, ivnanthic. ami caprylic alcohols, are all liquid at the ordinary lemjiera- 
ture. that they all jvts.sess ^xTuliar ami f»owerfnl odours, and may b(‘ readil\ distilled unchanged. 
Among the.sc', how'cver, the gradation is not to he overkw>k(‘d. The two fir.'-t rnethylic and idliylie 
alcohols, may be imx(?d with water in all pro|>f)rtions ; hut tin* tliird, propylic alcohol, though 
freely soliibh* in wab'r. is not so to an unlimited extent; whilst hntylic alcohol is I(*as soluble, ninl 
amyfic alcohol may U* said to be sparingly soluble in water ( apron* alcohol, the next meinher. is 
insoluble in water: whilst caprylic is not only insoluble, but possesse-s an oily character, heaving a 
greasy stain u|)on jmper. 

In their boiling-points, and the specific gravities of their vni>ours, a similar gradation is 
observed. 


j Alcohol. 

IViilitig-point. 

Vapour Density. 

1 Metlivlic 

1-19-9F 

112 

! Kthyiic 

173 

!0l 

' Brojiylic 

205 

2*02 i 

Butyl ic 

233 

2*59 * 

A my lie 

' 209 -S 

3* 15 

Caproic 

.. i 299-309 

3-53 

t (Eiianthic 

327-343 


Caprylic 

. . , 350 

4*50 : 


One equivalent of each of these alcohohs yields four volumes of vapour , or, in other words, if a 
given weight of the alcohol corresjK)mling to its e<{uivnlent numl>er be converUjd into vajHmr, that 
vajK^ur will occupy four times as much sjiace as would Ik; occupied by an equivalent of oxygen at 
the same temfierature and pres-sure, or twice the space r)ccui>ieil by an equivalent of hydrogen, or 
of water converted into vajKiur under the same conditions. 

The higher members of the group of alcohols are solid fusible bodies more nearly approaching 
to waxy or fatty matters in their nature, and not susceptible of distillation without decoiujxisitiou. 
Far 1(^88 IS known of these than of the alcohols containing less carlKin. 

W(jod charaxil presents features which arrc.st attention on account of its sjiccific properties, as of 
the influence exercised by Ihe method adopted for obtaiuiiig it, ujion its fitucss for the particular 
purpose which it may be; destined to serve 

If a piece of wochI be healed in an ordinnpr fire it is speeilily consumed, with the exception of 
a grey ash consisting of fhe incombustible mineral substances which it contained if the experi- 
ment were performed in such a manner fliat the protlucts of combustion of tho wwkI could lie 
collected, these would be found to consist ot carbonic acid and water ; woody fibre is conifiosed of 
carbon, hydrogen, and oxygen (C,yH,oO,o). and when it is burnt, the oxygen, in conjunction with 
more oxvgen derived from the air, converts the carlnm and hydrogen into carbonic acid and water. 
But if the wfK)d bo heated in a glass tube, closed at one end, it will bo found imjiossible to reduce 
it, as before^ to au ash, for a mass of cliarcoal will remain, having the same form ns that of the 
piece of wood ; in this case, the oxygen of fhe air not liaving been allowed free access to the W'ood, 
no true combustion has taken place, but the wood has undergone destructive distillation^ that is, its 
elements have arranged themselves, under the influence of the high temperature, into diflerent 
forms of combination, for the most part simpler in their chemical composition than the wo(kI itself, 
and capable, unlike the wood, of enduring that temperature without decomposition; il, is 
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merely an exchange of an unstable for a stable equilibrium of the particles of matter composing 
the wood. 

The vapours issuing from the mouth of the tube will be found acid to blue litmus paper ; they 
have a peculiar odour, and readily take fire on contact with flame. The charcoal whicli is left 
is not pure carbon, but contains considerable quantities of oxygen and hydrogen, with a little 
nitrogen, and the mineral matter or ash of the wood. 

When the charcoal is to Ixj used for fued, it is generally prepared by a process in which the 
heat <levelopcd by the combustion of a portion of the wood is made t(> clfeet the charring of the rest. 
With this view the billets of wcxxl are built up into a heap. Fig. 2437, around sbikcs driven into the 
ground, a passage Ixdng left so tliat the heap may he kindlcxl in tlie centre. This mound of wood, 
which is generally from 30 to 40 ft. in diameter, is closely covered with turf and sand, except for a 
f(!W inches around the base, where it is left uncovered, to give vent to the vajxiur of water ex]>clled 
from the- wcKjd in the first stage of tlie process. When the lieiip has been kindled in the centre, 
the passage left for this purpose is carefully closoil up. After the combustion has proceedeil for some 
time, and it is judge d that the wood is perfectly dri(;<l, the open space' at the base is also closed, 
an<l the heap loft to smoulder for three or four we<;ks, wdien the wood is jicrfectly carbonized. Upon 
an average 22 parts of charcoal arc obtained by tliis process from 1 00 of wood. 


243-?. 
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A mor(‘ ('conomical process t>r preparing charcoal from w(X)d consists in heating it in an iron 
case* or s/ip, F, Fig. 2438, jilnced in an iron retoH. A, from which the gases and vapours are con- 
ducted by the pipt- L into the fiirnac<' II, when* they are con>umod. 

The infusibilily of the cliarcoal left by woixl acc«»unts for its very great porosity, upon wdiich 
wime of its most remarkubh' and useful propt'rtie.s depeml. TliO application of charcoal for the 
purpo.s(' of sweetening fish and other fcx»d in a state of incipient putrefaction has long h'en jmietised, 
and more rweiitly chan'oal has been employed for thodorizimj all kiuds of ])utrefying and ofteiisivo 
animal or vegetabh* matter. This projx'rty of chareoal depends upon its power of absorbing 
into its jxvres very considerable quantities of the gases, especially of those which lue easily 
absorbed by water. 

J)r. Normandy 8 Marine Aerated Fresh-water Apparatus. 2433 i.s a front elevation of the 

apparatus. 

Fig. 2440 Is an onil view ot the apparatus. 

Fig. 2441 is a back elevation of the apparatus. 

Fig. 2442 is a plan of the apparatus. 

Fig. 2413 is a vi'rtical soetinn of the evaporator, condenser, and refrigerator of the apparatus. 

Fig. 2444 is a sixdional plan of the apjiaratus. 

In all the drawiiigs the sumo letters represe.nt the same parts. 

A shows the eiitniiice-pipe for tlio sea water. When the apparatus is put on board under the 
water-line, ns is the case generally with strainers, this i)i|H3 is connected to a large cock communi- 
cating with the 8».'a through the sides of th«^ sliip. When the apparatus is placed on deck, as is 
geiiemlly the case with sailing ships, or on land, this pipe is flanged to a much smaller pipe cou- 
neett'd with a pump, by incHUs of which tlie apparatus is supplied with wati r from the sea. In the 
first cose, on opening the large cock to which this pipe is connected, or, in the second case, on 
working tlio pump, the sea water at once jx'netnites into the refrigerator B. Tlio pipe A extends, 
as is seen, the whole len^h of the refngeiator, merely for the purpose of allowing of the apparatus 
being connected as ocoasion may require. 

o, Figs. 2441 2442, and 2444, is a large pipe connecting the refrigerator B with the condenser 
D, so tliat file sea water entering from the sea through A passes through a, and thus fills up the 
condenser D, and through pipe F feeds tlie e\aporator H, by means of pipe G', Fig. 2439, from the 
feed-box G, also Fig. 2439. 

B, box or refrigerator. It is a horizontal cylinder, the construction of which is shown in Figs. 
2448, 2444; the sea water being introduced first into this refrigerating cylinder, and con8<^uently 
in its coldest state, circulates round a sheaf of pipes k k, Fig. 2443, between the caps C C, Figs. 
2448, 2444, and cools the water which has been condensed in tiie tubes of the evaporator H and o\ 
the condenser D. 

0, caps of the refrigerator B, so arranged, as may be seen in Fig. 2443, that by means of the 
divisions reserved in the said caML the condeused water is made to traverse to and fro through tlio 

4 I 2 
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different rows of pipes Fig 2443, consecutively. From this refrigerating cylinder B the s<*8 
water passes through the pif^ Figs. 2441, 2442, and 2444, into the evaporator H. 

D, condenser. It is a cylinder containing another sheaf of pi}K)s »i, Fig. 2443, fastened between 
two caps M, Fig. 2443. and into which tubes m the aerated steam from the evaprator H is coii‘ 
densed by the sea water of the said condenser, and surrounding the said pipes m. Fig, 2443. 

E, large outlet-pipe, which, when the apparatus is put below the water*line, as is generally the 
case in steamers, communicates with the sea through the sides of the ship by a largo cork. When 
the apparatus is placed on deck, as is generally tlie case with sailing ships, <»r on land, this large 
pipe is turned - upwards, as represented by the dotted lines, and lengthentxi, so that the water 
which is forced through the apparatus by moans of the pump, or otherwis(‘, may bo raised a few 
feet above the whole apparatus, so that the level of the sea water may bo al>ove the feed-pipe F. 
This turned-up pipe is connecteti by means ol a tiange, or otherwise, to a smaller pipe e. Fig 2441, 
of about the same diameter as that of the suction-pipe of the pump, and a })oi*ti»n of the son water 
originally pumped or let in is thus retuniod to the sm. This How should U* such (hat the con- 
denser may remain hot down to the point whence pif>e E pwdriides. This eireulation on hoard 
steamers, or whenever the apparatus is placed Iwdow the sea-level, is kept up hy the differenoe of 
temperature of the sea water, which is hotter at E than it is at A. AVhea the apparatus is placed 
on deck or on land, the circulation is of course kept up by the pump. 



e, overflow-pipe for the escaM of the excess of sea water, which it is necessary to pump through 
the apparatus when it is placed on deck, or on laud—that is to say, when it is erected higher ttiau 
thg natural level of the sea. 

F, feed-pipe inserted into the condenser D. The apparatus being placed below (he level of the 
sea, as on board steamers, or below that of the sen water in the largo turned-up pij>c In which it is 
forced by a pump as we have already said in explaining letter E. the water will naturally rise to 
the top of the condenser, and up the stand or arch pipe N, up to the level w, Fig. 2443, of the sea 
water round the ship, or of the sea water in the turned-up pipe Ee, marked in dotted lines; and 
ns the steam from (he evaporator enters the sheaf of pipes from the condenser D, at the top of tlie 
said condenser, the temperature there is kept as high as 200^, and even sometimes 208^ Fahr. ; tlie 
temperature gradually decreasing towards the bottom of the apparatus 'I'his leed-pipe F is pro- 
vided with a cock, which is generally left open while t)>e apparatus is at work, and it is through 
it that the hot water from the top of the condenser is led into tlie priming and feed 1m)X G. 

G, priming and feed Ixix It is a box into which any salt which might be mechanically pro- 
jected by ebullition is arrested and carried back again by pijie G' into the ovajxirator H. This 
pnming ^ contains a float provided with a valve, and so adjusted that when tlie evaporator is 
flUea with the proper quantity of sea water, the float, being iiuoyed up, will cIos« the valve, and 
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&UB prevent the flow of any more salt water into it : on the contrary, when the level of the sea 
water in the evaporator, by reason of the water evaporated, or of the brine which flows constantly 
therefrom through cock », becomes reduced below the proper point, the float, sinking in tlie box, 
opens the valve, and more salt water is then admitted through the pipe F into the box G. and 
thence through the pipe G' into the evaporator, so as to restore the proper level. This pipe F is 
provided with a cock, which is placed there merely for tlie purpose of effectually stopping the flow 
of the sea water into the condenser when the apparatus is not at work, and likewise in order that, 
in case the float, or the valve of the float, should become damaged or out of order, the working of 
the apparatus may continue in a perfect manner, the necessary supply of salt water to be admitted 
into the evaporator being then regulated by hand. The tail of the valve is covered with a disc 
of vulcanized india-rubber < 7 , so tliat on pushing the caoutchouc covering with the Anger, the 
operator may be enabled, at any time, to feel whether the float is acting properly. 

^ is a sheath or tube ^ 

of vulcanized india- j ] 

rubber, into which a 1 ^ • 


guiding rod attached to 
the lower part of the 
float IS hanging freely, 
so that by grasping that 
guiding rod through the 
tube of imlia-rubber, the 
op(‘rator may freely move 
th<‘ flout to wliicli it is 
altaehed up and down, 
nr icjtntorily, in order to 
useertain whether it is 
acting properly or not, or 
for the purjx)se of dis- 
engaging any impurity 
which might have acci- 
dentally knlged Ix'tween 
the valve and its seat. 

H, evaporator or cy- 
linder, oontaimng the 
evaporating tulies and 
Uie H«*a water, jmrt of 
whieJi has to be evapo- 
rated, Fig. 24-18. This 
0 } Under is felted over 
and covered with wood, 
or otherwise, to prevent 
loss of heat by radiation. 

I , hleain-pipe from a 
lx)iler, leading the steam 
theri^of, more or less 
under pressure, into 
the vertienl cva|K)rating 
tubt's of' the evaporator 
H. 

I, brine-cock, wliich 



is left constantly open to 
a certain extent while 
the apparatus is at work, 
so as to prevent satura- 
tion and incrustation, by 
allowing a constant dis- 
charge of sea water. 

J, Fig. 2443. Fig. 
2443. 

K, flange uniting the 
refrigerator U with tlie 
mixing pipe K', into 
which the condensed non- 



aiirated fresh water of the pipe R from the evaporator, and the condensed aerated fresh water of the 
pipe Q from the condenser are led, so that the mixture of these two fresh waters may be refrige- 
ratiKl. A A, Fig 2443. 

L, pipe conducting the mixture of steam and air from the evaporator H into the priming and 
feed box G, and thence through pipe L' into tho condensing tubes within the condenser D. 

L', pipe conducting tho mixture of steam and air from the priming box G into the tubes within 
the condenser D ; tho steam having first deposited in the said priming box any salt water which 
might otherwise contaminate it. 


M, Fig. 2443. m, Fig. 2443. 

N, air- pipe leading the air which separates from the sea water in the condenser D into the 
steam room or chamber of the evaporator H. This air-pipe must, of course, be considmbly higher 
than the level of the sea water round the ship, or of tho sea water in the turned-up pipe B, so that 
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the salt water of the condenBer may not, under any circumstanoes, be able to pass through it into 
the evaporator, which might be thus overfilled. This aeration is aooomplished as follows ; — 

As the steam from the evaix>rator enters the pipes within the condenser at the top, through the 
pipe L', it follows tliat the sea water at the top of the condenser D is brought, as we have already said 
under letter F, to a temperature w’hich at the top reaches 206® or 208^ Fahr . ; this temperature 
gradually diiiiinislies from the top downwards, so that at a zone corresponding to that of the exit- 
pipe E the temperature is reduced to alnnit 140®. As the air contained naturally in water begins 
to separate therefrom at about 
130^, it follows that the air con- 
tained in the condensing st'a- water 
between E and the top of the con- 
denser is separated ; but when it 
has reached the top of the said 
condenser, it passes through the 
air-pipe N, and is carried by it to 
the evaporator H, where it mixes 
intimately with the secondary 
steam there produced by the eva- 
porating pipes. This mixture of 
air and steam passes then throngli 
the pipes L and 1/ into the tubes 
w, Fig. 2443, and the air is ab- 
sorbed during the eoiidensation of 
this secondary steam with wliieli 
it was mixed, the condensed u at(T 
so produced being thus supt'r- 
aernted. aud 8iibse(]ueiitly mixeil 
through pipe Q, in tin* larger j)ipo 
R', with the non-aerattd water 
coming from the evapjrator 
through pipe R. The mixed 
waters iu traversing the refrige- 
rator B are cooled down to the 
tem|)erature of the .sea water out- 
side, and tlow at (.) iu the state of 
perfectly cold water, tlioroughly 
aerated, but still retaining the 
bad taste ami odour whieli always 
result from distillation, and of 
which it is deprived only after it 
has passed through the filter Y. 

w, level to which the sea water 
is rising in the air-pi jk*. The 
height of tills a i r-pipo mii.st always 
be consid(*rabIy gnrater tJmn the 
level of the sea nuind the sliip, or 
of the sea water iu tin* tumetl-up 
pipe E, in onler tliat there should 
not lie any chance f»f the sea water 
passing into tlie evajKjrator 
through the said air-pij^i. 

O, exit-pipe, through which 
the mixed distilled waters, after 
bfiing refrigerated, [«iss into the 
filter Y. 

P, framing to which all the 
apparatus i.s bolted. 

Q, exit-pi |>e for the condensed 
fiuper-aerated water from the eon- 
denser D, which pipe is conne cted, 
like pipe R, with a larger tub© 

R, in which it begins to mix 
with the condens(,‘d iion-aerated 
water from the evaporator H. 

B, exit-plpo for the condensed 
non-acrate<I w^ater from the eva- 
porator H, which piiK;, after l(‘ad- 
ing to and issuing from tlie ste^rri- 
trap U, is connectcKl, like pipe Q, with a larger tube R\ in which it begins to mix with the con- 
denwid aerated water from the condenser 1). 

R', larger tube, in wliich the two kinds of fresh waters from the evaporator and from the con- 
denser begin to mix. 

S, water-gauge. T, air-cock of the .steam-trap IT. 

U, shiam-trap. It is a l)ox containing a fioat providejd with a plunger, acting in such a way 
that when the box contains only steam, or a quantity of ooudeused water iusufiicient to buoy the 
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float, the plunger eloees the exit-pipe It ; but as soon as condensed water ha-i accumulated in the 
box in Hutticient quantity to buoy up the float, the plunger of course no longer closes the exit-pif^io 
H, and the condensed water may then escape as fa^ as it is produced. 

V, cock admitting the condensed non-aiiratod water from the steam-trap U into the larger tul)e 
K'. This cock is ordinarily loft op(ui, and is used only in case the float of the steam-trap should 
become out of order, in which case the said float may bo altogtithcr removed by turning the steam 
off, and simply unbolting the cover, after which the escape of the coiidensed water is regulated by 
adjusting the cock so that nothing but the condensed water may flow out ; this cock is also made 
use of for the purpose of cleaning the evaporator, Fig. 2443. 

V', cock for cleaning the inside of the evaporating tubes, or for the purpose of obtaining fresh 
boiling hot water, wliicli is done by shutting exx^k V, and opening (X)ck V'. 

W, breathing pii^e. Fig. 2443. It is a pipe one end of which is in communication with the 
lower cap M of the condensing pipes m, and the other end is ojM'n to the atmosphere. The object 
of this pipe is not only to remove pressure from the cylinders, but likewise hj attbrd an exit for the 
excxjss of air generated. 

X X', two c(xjks placed between the condenser D and the larger tubcj li', for the piirix )80 of 
obtaining hot fresh water, and likewise for the puri)osc of cleaning the condenser. This is done 
hy cutting off the communicaticjn between the condenser 1) and the said larger tube R' ; to do tliis, 
shut ct)ck X, and open cock X'. 

Y, filttjr for roctuving the condensed water from )x)th pif)o R of the cvaix)rator and pipe Q of 
tlje c/nidenser, as they issue in a niix()d and cold state fr<»m tin* refrigt*rator at O ; the fresh water 
loses its cnipyreumutic odf)ur in passing through the filter, and issutis at // in tlie state of perfect 
fresli water, which cannot be distiuguished by flavour from that of the very finest springs. 

Z Z', two cocks plac(*.d Ixitweciii tin; refrigerator and tin* filter, for the piirj)os(; of cleaning the 
refrigerator, which is done by closing the communication between it and the filter ; for this pur- 
j) 08 e shut Z and op(*n Z'. 

C, caps (►f the refrigerator already described, C, Fig. 2439, but shown in section. Fig. 2413. 

I), condenser containing the sheaf of pipes m, surrounded by the sea water, vvhicli serves to 
condense the aerated steam from tlie evaporator 11, and to ])roduce the air wherewith that steam is 
aerated. 

11, eva[K>mtor. It is a cvliinler into which the sea water is allowed to rise so as to cover tho 
upper cap J of the <;vn}K)ratiiig pipes j in that cylmder, and no more, tho level being kept at tliat 
lieight either by a self-acting float, or hy manipulation, as was said in describing (t, Fig. 2413. 

I, steam-pipe from a Iwiiler. This steam-pi[H; brings steam more or less under pressure from any 
de8t;ri[»tion of boiler; it parses througli a stuffing Ikix, reserved in the cover of 11. and is connected 
to the u[)per evajHirating eap J of the evajiorating tubes j. 

J, eap covering tin; sheath of tubes ,/ j\ in which the steam from the boiler diffuses itself, and is 
condenstMl by giving oft' its latent heat to tin* sen water round the said evaporating tubes; after 
which it flow's a.s distilled, hut non-a^*rated, water to the inlet K, in one of the caps C of the refri- 
gerator Ib It must hen* be ob.serve<l that, although the sea water in II II is at a boiling temp(;ra- 
ture aft<*r tin* fir.st few minutes of the ajiparatus Ixdug jmt into action, yet it will condense the 
steam in the iuheti jjj\ because tliat stesmi, being under jiressiire, is necessarily of a higher t(*mpo- 
rature than tin* water in 1111, which is not under jiressure. Thus, whilst the ]»ressure-steam in 
tin* tnls‘8 J JJ is condensc.'d, non-prt*ssure steam is gi*nerated from tlie water in II H outside of them. 
I’his latter or 8i*eomiary steam passes tlirougli tlie tube I. L' to tho np]>ercap M of the tubes nnnm 
in tin* aerating cylinder D 1), whore it also is condeus<*d, and passes through tlie lower cap M and 
a pip(* Q, Fig. 2139, to the inlet K, mi.\iiig at once with the distilled water from the boiler through 
the tube R', already describwl. 

sheaf of pijK*s of tin; refrigerator R, for the purpose of cooling the condensed water. Thia 
has alreiuly descrihotl in 15 and C, Fig. 2139. 

M, caps covering the end of the sheaf of tubes jdaced in the condenser D. See tho explanation 
given at letter 1), Fig. 2139. 

rn, sheaf of pijies jilaecd between tho two cajis M, for the pur])o,se of condensing the aerated steam 
from the evaporator H. 

W, hreatliing )>ipe, one end of which communicates with the lower cap M of the condenser, 
while tho other einl is open to the atnio.sphere. This pijH* s(*rves to remove pre.ssiir(* from tho 
cylinders, and for the exit of the excess of air. When water or steam issues through that pijie, it 
is tt prfxif either that t<xi much steam is sent in, or that it is at too great a pressure. 

/nstructioHs for Working the Apfutratus . — The first thing to be done is to charge tho apparatus 
witli water. This is done by establishing a communication betw'een the external sea water and 
the apjiaratus. If tho latt(T is placetl lK‘lf>w' tho levt*l of the 8t‘a, this is easily done by turning on 
the (xxsks of the largo tubes A and K, and the cock F of tho feed-pipe, whereuj.K)ii the sail water 
fills Ixith tho refrigerator 15 and the condenser D to a certain distance n of the air-pipe cor- 
resjiOTiding with tin* h;vel of the S(;a. It then passes through tho feed-cock F, thence through the 
fmi-box G, down through the pijie Q\ into tho ovajxirator H, up to a line standing at about the 
middle of tho glass gauge B, where it is maintained at a uniform h*vol by the float within tho feed- 
box G ; the float being then buoyed up, closes, by menus of tho valve attnehed to it, the aj>erturo 
of tho feed-pipe F, imim*<liately above the float, whereby all further supply of salt water is shut off 
until such time as by subsequent evaporation’ or discharge of the brine in the evaporator, the level 
of the water in the evajx>rator H, and coiiscMiuently in the feed -box G, will liave been lowered, 
whereupon the float in G, sinking, will allow a fresh quantity of salt water to flow in until the 
proper level is restored. The flxjd-ccxik F should always he left wiile open, except on an emer- 
gency : that is to say, except tho valve or the float in the jiriming and feed box G should becomo 
damaged or out of order. In which case the supply of salt water to tho apparatus would havo to bo 
regulated by hand with that cook. 
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The apparatus being charged with salt water, as just said, the boiler being ready to furnish the 
necessary steam, and admitting, of course, that the steam-pipe 1 is in communication with the said 
boiler, the next thing to be done is to open the steam-cock of that pii)e, I, and at the same time 
shutting cock Z, and opening cock Z', at the extremity of the refrigerator, and oi>ening likewise 
entirely at first the cock T of the steam-trap IT. On opening this small cock T of tlie steam-trap 
U, nothing but air will at first rush out, but as ’soon as steam issues from it, it should be alvmt 
closed, leaving only room for the smallest possible wreath of steam slowly to issue from it. As soon 
as the steam-cock of pipe I is open, the steam will nish through that pipe into the sheaf of pipes 
of the evaporator, in which it will bo condtmstid by the salt water which surrouials them, and How 
in the state of condensed non-nerated water through the pipe R, through the steam-traj) U, through 
the continuation of pii)e R, and out through cock Z'. If the apparatus has betm left without work- 
ing for some time, the condeus(‘d water issuing at cock Z' will have a rusty colour, wherefore it 
should be left running until it flows out clear at in order not to foul the filter, which would bo 
the case if that rusty W'ater were allowed to flow into it. As soon, hf)wevcr, as the condensed water 
flows out in a clear state at Z', shut off this cock Z', and open cock Z, so that it may j)ass into the filter. 

But the heat of the steam in the sheaf of pipes within the evaporator, sexm brings the sea 
water round them to the boiling-]K>int, and c<mverts it into steam. As sixin, therefori*, as the sea 
water in the evaiwjmtor begins to lx)il, which may be known by a slight iiudion of the water in the 
water-gauge S, or by the {)ipes L and L' of the feed and priming box G, and, of coursi‘, this box 
itself ix'coming hot, open the feed-c(K'k of j)ipe F full (unless, of course, the float in the l)OX G 
should be out of order, in which case the CJK'k of tin* feed-pipe F must be n guluted so us to supply 
water to the j)ropcr level in the condenser, which is indicatfd by the glass gauge S), shut the cock 
X of pipe Q at the top of the cnmh'nser, and open tli<‘ cock X' of that same pipe; whenmixm the 
secdiidary steam from the evaporator parses thnmgh pipe b, through tht‘ jiriming bfix (b in wdiich 
any salt water with wlitch tlie said steam may he mixed is d(‘jM>.sited and n turnetl thnmgh ])ipe G' 
to the e\ a [>orator whence it came, w Idle the pure steam continues ith cnui-Me through pipel/ into tho 
slieaf of pipes in inimer,'>ed in the salt water contained in the condenser I), and being eondenw'd in 
tlie said pipes, flows out, in the state <*f aerated fresh water, through the eoek X', as long as it has a 
rusty eohmr, which will he ouly for about a minut<‘. As .s<h)u as tlie water flows out clear nud sw'eet 
from that cock X', sluit the latter and opeiictx'k X, so that the siipi r-aerated fresh water may now 
mix with tho non-aernt(‘d fresh water in pipe R, and flow’ with it through the refrigerator, and 
tlience. into tlio filter, tlie whole i.ssuing then from tho filter m the stat(‘ of jx-rn ct fresh water. If 
tlie apparatus be jilnced on deck, or on laud — that is to say, above tin* natural level of tin* sea--it 
may I'C oliarged either by working the ])iimp or by jxmriug water into tin* turned-up pipi* K until 
tile glass gauge indicates that the proiK*r ijUuntily of water has bt‘cn intnKluced. Tlie subserjueut 
pumping must be regulated so that the coudeiiMT I) remains hot «lo\vn to K, and cold from K down- 
wards. When the (‘va]K)rator begins t<* give off steam, open al.so the brine-cock /, but only to such 
au extent as to permit a rpmntity of brine to be vunstantly flowing out, eiiual to aUmt oue-fourlli 
part of the whole of the fri'sh water prod need. 

Attention t<* this is ahsfilutely iiei'esMuy for if too much brim* be allow(‘d to run out, the appa- 
ratus will not produce its proper (juaiitity of fr<sh water; for since ev(*ry portion of brim* which 
flows out is replaced by a corre.-ixuiding quantity of new sen-wuti;r tlirongli the feed-<‘fK.*k F, feed- 
lx)X (ir. and pipe (i\ it is ch ar that the proportion of new sca-wut(‘r tlius admitted into the evajx*- 
rator (i by an extravagant outflow of brine might l»e so considerable as a<*tually to stop all evajK»- 
ration in tho e\aj)orutor. On the other hand, if the brine-eoek be not sufliciently open, tlie flow <»f 
brine lu'ing ]e.*-s tiran is proper, the sea water in the ovuiHirator would eventually bei*ome srt conceu- 
trate<1 that a de|M>sit or iiicruslatiou of salt would be foriiieil. If, however, the opt rah n’ take euro 
to adjust the brinc-coek so that the flow of the brim* is at the rate indicated (about one-fourth of 
thr* w li<»le fresh water produced), there will be no chance of stopjiing the evu|Kjration, nor dang(‘r 
of incrustation. 

When the ofw’rator w ishes to discontinue thcdi.stillalioii, all he has to tlo is to turn off the sti'um 
from the boih'F, and to shut both the briiie-exiek t and b*<*d-cf»ck F 

7o \Vf,rh the. ApjKirntns. — 1st. Gjien tlio steum-eoek from the boiler to pipe I. 

2nd. Open the cm-k YJ. and shut the c(x*k Z of the refrigerator, and as soon as the comb'used 
water flows clear ami sweet from pi|)e Z', shut tho latter, and ojicn Z, that ilie clear fresh water 
may flow' into the filter. 

3rd. As sorm as steam lK*gin.s to be given off by tho evaporator, whicJi is knowui by pijKvs and 
L and tlie feed-liox G lx;coniing hot, oixiii the feeil-cixrk of pijn* F and tin; cock X', shutting at the 
same time X, and as wxm as the frcsli water flows clear and sweet at X', shut tlie bitter and opcm 
X, so that the clear fresh water may flow tlirough tlie refrigerator and theiico into tin; filter. 

4th. Opf;n tlie. brine-cock i, so as let the brine flow out in the projiortioii of alxmt oiie-fourlli 
part of the whole of the fresh water pr<Kluc4:*d, 

To Stop the Workin'j of the Shut off the stoam-cock I. Shut off the brino-cxKik i. 

Shut off the feed-cock F. 

Special fnsirncti<^ns.—l.(yo^x. occasionally at the water-gauge, in order to see that the propf»r level 
is kept up in the cvafiorntor. If it be observed that the h*vel is too low in the glass, the fciMl-cock 
btiing open all tin; time, it is a sign tfiat too tiiuch steam has bctiii turned in from the boiler, and 
therefore the steam-cock from the boiler to pipe I should be h*s8 open. 

l.ook occasionally at the brine-cock /, to ace that it is discdiarging tlie profs^r quantity of brine. 
It will Ik* advisable also now and then to opc*n the said brine-cm-.k full ft»r a few seeonds, in onler 
to discharge any rusty or muddy dejjosit which might otherwise stop it , and for this reason, on<*o 
every month or so, it should be left quite open, in order to empty tlie evajiorator completely so 
that any 'ust or deposit may l>e expelled. Of course, when tho bnne-eock is full open for tho pur- 
pose of emptying the evaporator, the feed-cock F should be kcqit cJowxl. 

The operator will perceive tliat a piece of vulcanized mdia-rubb* i g contains a metallic rod 
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Vnside, which metallic rod is connected with the float in the feed-box G. The use of this india- 
rubber tube is to enable him, by grasping the said rod through the india-rubber tube, to move the 
float up and down in the said fee(l-box, should ho wish at any time to ascertain that it (and the 
valve attached to it) is acting proj)erly. Should it become necessary to remove the float, it is 
easily done by unbolting the cover of the feed-box G, and the flanges of the feed-cock F, connected 
therewith. Tlio apparatus may then be worked without the float by replacing the cover and regu- 
lating by hand the flow of sea water through the feed-pipe F. 

The feed-cock F should be left full open when at work, since the supply of the sea water to 
the evaporator is perfectly regulated by the float ball and valve in the lx>x G ; it is only in case of 
emergtincy— that is to say, in case of the valve leaking or getting out of order from some accidental 
obstruction or otherwise — that the 8UX)ply of water to the evajX)rator may be regulated by hand 
witli the said cxxjk until such time as will pennit the operator to remove such obstruction, should 
any, j»eradventure take place. The feed-cock is therefo*‘e out there merely as an extra measure of 
precaution. 

The small cock T of the steam-trap IT should be left very slightly open, so that an exceedingly 
small wrcjath of steam may be seen issuiug from it. This is for the purpose of letting out any air 
which might otherwise accumulate tlierein and interfere with the proper action of the float in tho 
said steam-trnp. It may also be ojien for a few seconds now and then — say two or three times a 
day — in order to sec that it is clear. 

If water should rush out m any quantity on opening the small cock T of the steam-trap IJ, it 
is a sign that tlui float is waterlogged or otherwise out of ord(r; the remedy is to examine and 
repair it if wantt'd, or if possible, and if not, to remove it altogether, and regulate} by means of the 
C5ock V of pip(} K, BO that as little steam as possible should pu.ss throngli it, and so that only the 
water comlensed in the evaporator may flow out. If, in case it has been found neocs.sary to removo 
the float of llie stiiam-trap, the condensed water shfuild accumulate in the said steam-trap, whicli is 
known by oj)eiiing the cfwk T in the cover thereof (in whieli ease wati‘r instead of steam will rush 
nut from tho said cock it will be .siittieieiit to open tho C(X‘k V of ])i])e II b^r a few moments, 
wher(*upon the aecumulntcd eondensed water wUl pass into th(* refrigerator. In fact, the apparatus 
can work very well without the float in the priming box Cr, and without tlio float in the steam-trap 
IT, either or botli ; but wdtli tliom the nppurntn.s work.s automatically, and without tlu m tlie opera- 
tor lias to se(‘ that the feed-eo<-k F is open only to the proper degree, or he must keep it shut alto- 
gether, and open it from tinio to time, so ns to feed intermittently — say every half hour — to admit 
a new ijuantity of S(*u wat< r into the cvnjiomtor. For emjdying completely thr* condenser and 
refrigiaator, unbolt the flange at either end of A. Tho eva|>onitor may, of courbC, be completely 
emptii'il by opening the brine-co<’k t full. 

Ch<i)iHn\s Apimnitus , — A di.stilling apparatus constructed by Alexander Chaplin, of Glasgow, for 
obtaining a Mijiply of pun*, fre.sh, ni rnted wat(‘r from sea water, or from other w’ater containing 
Impurities, is .shown in Fig 2H5. Tlie njipamtus, which is of simple construction, is almost self- 
acting, and IS ndaj)t< d for use either on 
shipboard or on sliore. It consists of a 
boiler, from which a stcam-i>iit<* is led to a 
coil of pipes placed in a sliallow wwKlen 
tank, which is ke(>t filled with salt water, 
the bwih'r being fed from the tank by feed 
arrangement. The steiim from the steam- 
pipe of the boiler is discluirged into the 
condensing tube.s in the form of a jid, an 
opening being left around the jet nozzle, 
through which air is; drawn in by the action 
of tlie steam. Tln.sarrangeimuit, by mixing 
th(} steam with air, is found to elVectiiulIv 
airate tho distilbal water. The distilletl 
water in the conden.sing coibs runs d(»\Nn, 
as it is formed, into a filter, and thence 
iiitf) a store tank below'. 

The feed ap]»aratu8, which is arranged 
on a well-known jdan, consists merely of a 
chamber oommiinicnting at tJie top and 
iKfltoru with the boih r, i)y means of pipe.s 
furnished with cocks, aiul also conm*cted by 
another piiM}, provicled with a cock, with 
the tank containing tho water emjdoyed for 
I'lrcH^ting condensation. In order to feed tho 
boiler, the communications between tho 
latter and tho feixl-cbambi r are closed, and 
the lattiT is then tilh'd with water from the 
tank, this water being, of course, more or 
loss hciati^d by the Ht(*am in the coils of 
pipes. Tho oominiinicatiou betweem tlie 
tank and chamber is then elost'd, and tlu} latter placed in communication with the Ixiiler by open- 
ing tho cocks on the connecting pijH'S, when the wnttir in the chamber flow’s into the boiler by the 
action of gravity. 

The method of working tliis ajipamtus is a.s folio w*s; — The tank or condenser should be 
by tho hand-pump with sea or other water, and the Iwiler should be also filloil up to half-glass, the 
water supply being afterwards regulated by*^ the feed apparatus. The fire in the boiler may then 
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be lighted. Cool, wood, peat, or mineral-oil fuel may be usec^ the latter being preferred when it 
is desired to make tlie apparatus as nearly as possible self-acting. In this case a special combus- 
tion cone is provided, the oil flowing over this cone, which must bo first heated, so that the oil will 
ignite upon it. Combustion is tlien forced by the passage of air upwards through numerous small' 
holes formed in the cone, and the flames are thus thrown against the sides of the fire-box. The 
steam being got up to, say 5-lb. pressure to the square inch, the main steam-pipe may bo opened 
into the aiirtiting pi^ or cup, and thus a mixture of steam and air will bo discharged into the con- 
denser. The water in the tank becomes heated before it passes into the steam-boiler, and the whole 
of the sea water pumped up to the tank is gradually ovaporat(*d and converted into fresh aerated 
water fit for use, except a small portion lost by waste and in blowing off the boiler to prevent the 
incrustation of salt. 

DIVIDING MACHINE. Fb., Machine a diviser; Geb., Theilmaschine i Ital., Macchina da 
dividere ; Span., Mdqmna de dividir, 

See Hand-Tools. Machine-Tools. 

DIVING. Fb., Plonger : Ger. Tauchen; Ital., Lavoro da marangoni ; Span., Bucco. 

Before men are detailed for diving, they should examined as to their fitness by a medical 
officer. If this be impracticable, it is useful to know that men coming under any of the following 
classifications should not be employed ; — 

1. !Men witli sliort necks, full bhxxled, and florid complexion(‘d. 

2. Men who suffer much from headache, arc slightly deaf, or have recently had a running from 
the ear. 

3. Men who have at any time spat or coughed up blood. 

4. Men who liave been subject to palpitation of the lu'urt. 

5. Men who are very pale, whose lips are more blue tlian red ; who are subji^ct to cold hands 
and feet ; men who have what is commonly ealletl a languul circulatieii. 

6. Men who have bloodshot eyes and a high colour on the clu't'k.s, caused by the interlaci'inen; 
of numerous small but distinct blocwi- vessels. 

7. Men who are hard drinkers and who have suffered severely and r(}p(‘nt(‘dly from venereal, or 
who have hod rheumatism or sunstnjke. 

The air-pump employed until lately was a thrtx'-throw force-piim]), but in ISfJS a doubl(‘-aetion 
two-cylinder pump was tried and found to answer well; its sole advantuge over the other is that 
it'ean supply air to two divers working independently, at differentjt vrls. each diver being in 
dirts'! connection with one of the eylHulers. AVben work has to be carried on in wat(ir upwards 
of yO ft. deep, only one diver should lx; supplied with air from tlm pumps. 'J'he pi.mp, Fig. 214d, 
is securely fitted into a strong wooden case, Fig. 2447, and is worked by means of two wiuch-haudlos 



and a fly-wheel. These latter are taken off for tmn^>ort, when the ends of the crank-axle aro 
protticted by nipples screwed on tt> the i)ump-caBe. Inside tlie piimp-cnso is n Ixix for small stotv s. 
The pumps are capable of compressing air up to 240 lbs. on the square* inch, and are prc»vi(led with 
a pressure-gauge, the dial-indicator of which shows the depth and the corresiHmding pressure; tlu^ 
cylinders are kept cool by water in a copper cistern round them. Before the pump is movf?d about 
after use, the water from the cistern should be drawn off by unscrewing the nut under tin? plato 
marked water. Olive oil must be used for the justons, admitting it by means of the small c/)ck in 
the cylinder cover. When putting the pump together, tlie different iinrts must be arranged acxjord- 
ing to their marks. The bottom valves can lx- examined by unscrewing tlui plate, at tho Ixittom of 
the cose, and tho top ones by unscrewing the cylinder cover, taking it off with the piston. If tho 
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|mmp workf hearily after lyinf; by, warm water poured into the copper vessel round the cylinders 
will soften the oil round the pistons and make them work easily. 

The air-pipea are in lengfths of 45 ft., and are made either of india-rubber covered with canvas 
with a copper spiral wire inside, or else of vulcanized india-rubber with a galvanized iron spiral 
wire. As the former r^uires a long time to dry, the latter is probably the best for general pur- 
poses. The internal diameter of the pipes is | of an inch, and they are fitted together by means 
of gOBhiiietal union joints. If two men are to oe supplied with air from one pump, the necessary 
length of sir-pipe must be fitted to the nozzle of the air-delivery pipe of each cylinder. If only 
one man is to go down, the air-delivery pipes of the two cylinders must be connected by the double 
connection^ and the sir-pipe screwed on to its nozzle 

The diving dreaa is made of solid sheet india-rubber, covered on both sides with canvas ; it has 
a double collar, the inner one to pull up round the neck, and the outer one of vulcanized india- 
rubber to go over the breast-plate and form a water-tight joint. The cuffs are also of vulcanized 
india-rubber, and fit tightly round the wrists, making, when secured by the wristbands, a water- 
tight joint, and at the same time leaving the diver's hands free. 

The wristbands are of vulcanized india-rubber, with tape at their ends. 

The breast-plate made of tinned copper has a valve V, Figs. 2450, 2451, in front, by which the 
diver can regulate the presHure of air inside his dress and helmet, the handle of the valve- 

cock is vertical the valve is sliut, when it is across the breast-plate the valve is open. The oiittir 
edge B of the breast-plate is of brass, and has twelve scr^^ws B, C, securely fitted to it at intervals, 
and projecting upwards, which pass through corre8i)onding Iioles in the outer collar C of the dress, 
and upon which the four pieces of the breast-plate band are secured by thumb-screws. The neck of 
the breast-plate is fitted with a segmental screw bayonet joint. The breast-plate has two studs in 
front, to which the front and bnck weights arc attached. • 

The helmet. Figs. 244i» to 24r)l, of tinned coj)pcr, 1ms a segmental bayonet screw F, F, F, at the 
neck, corresiwnding to that of the breast-plate A, which enables the helmet to be removed from the 



breast-plate by } of a turn. It has three bull’s-eyes of plate glass M, M, at the front and sides, 
prot<*cted by brass guards P; the front buU’s-eyi* can be unscrewed. An outlet-valve is provided 
at the back of the helmet which is l)eyond the diver’s control. An elbow-tube W is securely fitted 
on to the helmet, to whioli the air-pipe Q is attached : in this tube is a valve W opening inwards, 
so that the air can enter, luit in case of a break in the air-pijK^ cannot escape. There is a brass 
Btud on each side of the helmet, that on the Jett to attach the air-pipe to, and that on the right for 
the life-line, Fig. 2448. 

The front and hark weujhts are of lead, hcart-8ha}K^d, and weigh alx>ut 40 lbs. each ; they have 
gun-metal clips to fasten on to the studs on the breast-plate, aud the back weight has a lashing 
attached to it, Fig. 2448. 

The Imds are (»f stout leather with leaden solos, and are secured over the instep by a couple of 
buckles and straps ; each lx)ot should weigh at least 15 lbs. 

The iron ladder is provided with stays to bear against the side of the boat from whioh the diving 
is carried on, but a 6-ft. length of scaling ladder will answer the purpose. Rope Indilers. wider than 
the ordinary miner’s roiw ladder, arc proviiled : they have thimbles at each end, so as to bo more 
readily attached to the l)ottom of the iron ladder and to the ladder-weights ; the ladder-weitjhts are 
toorely 50-lb. wiughts, provided with movable handles of round iron, whicJi are passed through 
the thimbles at the ends of the rope laddtTs and secured by linch-pins. 

The crinoline should bo uschI in deep water, and at any time at the diver’s option ; it is placed 
round tho body and tie<i in front of the stomach, being supported by the braces . it affords protec- 
tion to the stomach and enables 1dm to breathe more freely. 

The cuff-expanders are of galvanize! iron, and are intended to enable the diver’s hands to be got 
in and out of thecufts ; the scooj) part of eacli should be placed inside the cuff, and the cuff opened 
by drawing the handies apart. 

The ladder having been fixed, the position of the pump should be decided on, and it should bo 
seourely lashed by means of tho ropes attached to tlio handles down to the stage into which the 



1228 


DIVING. 


$creu>eye$ M, M, Fig. 2450, sboald be fastened if necessary ; the pump should be ^aced mtt of the 
way of the divers and clear of the men attending on them, and of all the men employed The best 
position for the pump is facing the head of the ladder, and about 6 ft. from il. over the centre row 
of barrels, if the diving be carried on from a raft. 

While the diver is dressing, the pump should be prepared for use, the winch-handles should be 
taken out of the pump-case, the nipples protecting the crank-axles rcmovcdj the nuts being replaced 
on their screws. The nuts for the ends of the crank-axles are taken otf, the fly-wheel placed on the 
long arm, and the winch-handlcs put on and secured by the nuts which are screwed home with the 
spanner. The pump is always worked in its case. 

The flap covering the pressure-gauge and that at the back of the pump-case should be opened, 
the screw on the overflow-nozzle of the cistern removed, and the cistern filled with water ; the caps 
of the air-delivery pipes should be removed, the necessary lengths of air-jupe should be put together 
carefully wdth washers in place, and all the screws must be worked home by means of the two 
double-ended spanners. The air-pipes should be tested by holding the palm of the hand to the 
end of the pipe, till the pressure sliown on the pressure-gauge is considerably above that corro- 
S])onding to the depth the diver is to descend. 

The diver having taken oflf his own clothes, puts on a guernsey, a pair of drawers very carefully 
adjusted outside the guernsey, and securely fastened by the tape round the waist to prevent them 
from slipping dovm, and then a pair of inside stockings. If the water be cold, the diver may put 
on two or more of each of the al>ovc articles. He then puts on the crinoline and woollen cap, 
drawing the latter well over his ears ; some divers find relief from putting cotton saturated with 
oil in their ears. 

The s/toukicr p ul is then put on and tied under the diver’s arms. He then gets into the diving 
dress, which in cold weather should be slightly warmed, drawing it well up to his waist . he next 
puts his arms into tin* sleeves, an assistant opening the eufls by menus of the cuff-expanders, or by 
inserting tlie first and second fingers of lK»th hands, taking rare to keep liis fingers straight. The 
(liver hv pushing forces lii.s hand through the cuff*. He puts on a pair of outside stockings and a 
canvas overall to pn'stTve the dress from injury. 

I'ho diver then sits down, and the inner collar of the dress is drawn well up and tied round the 
nwk with a piece of spun yarn, and the breast-plate put on, great eare being taken that the india- 
rubber of the outer collar is not torn in putting it over tlu‘ jmyecting screws of the bnjast-plato. 
The four pieces of the breast-plate band, which with the thumb-screws had been previously jilaced 
for safety in one of the lxx)ts, are them put over the outer collar, and secured to the projecting screws 
by means of the thumb-screws; the centre screw of each plate should be tightened first. It will 
generally be sufficient if the thumb-screw be screwed up hand-tight, the spanner being only used 
when neco.ssary. The canvas overall is now adjusted and the boots are put on. 

The wristbands are passed tightly several times round the cuffs and their tape ends tied, and 
the sleeves of the overall are drawn dow'u to cover them. If gloves an* to be used, the wristbands 
will be put on over them as well as the culls. The helmet (without the front bull’s-eye) is then 
put on; a loop of the life-line is placed round the diver’s waist, the line brought up in front of the 
man’s body, and secured with a piece of small rop(; passing round his neck, or to the stud on the 
helmet. The wai.st-belt is buckled on with the knife on the left side, the; eial of the air-j)ijHi being 
pass(jd from the front, through the ring on the belt on the man’s left, and iij) to the inl(‘t-valve on 
the helmet to which it is secured ; the uj)per part of the pipe is them made fast l>y a lashing to the 
stud on the left of the helmet. The diver then steps on the ladder, and two men are told off to 
jnan the pump. 

The weights are then put on, the back weight first, the clips being placed over the studs on the 
brea.st-()late, and the clip-lashings over the )i(H>ks on tlie helmet. The front weight is then put on, 
and the two are secured to the diver’s body by means of the lashing from tin? back weight, wliich 
IS pasised round the waist, through the thimble beneath the front weight, and tied to the other end 
of the lashing at the bac?k weight. Fig. 2*148. 

When the signalman is sure that all is right, and that the diver understands all the signals, he 
gives the word Pump and screws the centre bull’s-eye into the helmet securely; this done, he takes 
hold of the life-line and pats the top of the; helmet, which is the signal for the diver to descend. 

With inexperienced men, it is advisiible tc» have; a ro|>e ladder down to the bottom, but an exjiert 
diver prefors simply n rope; they both rau.st be weighted at the lK)llom. 

Each diver while under water recpiires a signalman to hold his life-line, and an assistant to hold 
his air-pijic, both of which should be kept just taut, clear of the gunwale, so that any movement of 
the diver may be felt. While the diver is under water no talking or laughing is U) be iiennittcd. 

The diver should descend slowly, halting for n few minutes after hi& head is under water, to 
satisfy himself that everything is ccjirect, and then continue the descent r if he feels oppressed or 
experiences any humming noise in his ear, he should rise a yard or two, and swallow his saliva 
several times; be mu.st not continue to descend unless he feels comfortable. If opjiression, singing 
in the ears, or hciulache continue, he must not fiersevere, but return slowly to the surface. To dive 
to great depths, such as JOG or 150 ft., reciuires men of groat practice, and able to sustain the con- 
sequent enormous pressure. 

On arriving at the bottom, the diver will give one pull on the life-line to notify that he is all 
right. In returning from great depths the diver should ascend v(^ry slowly, and thus avoid tho 
effects of passing too abruptly from considerable pressure to that of the open air; if he stojis now 
and then he gets gradually and regularly accustomed to the change The ascent from a der>th of 
20 fathoms should occupy from 20 to 40 minutes. It is more important to move slowly in rising 
than in descending. ® 

The diver takes down with him the ladder-line, which he secures to the foot of the ladder or 
rope by which be has descended : this line should he coiled up in bis band with a l(K)p round bis 
wrist, and as he leaves the ladder he lets the line gradually uncoil, so tliat if he bo at any distance 
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off he can find hie way back to the ladder when he wants to return. While at the T)ottoin he 
should never let go the ladderdine if by any accident he does so and cannot find the ladder, im 
must make the sij^al to be hauled up. 

The diver should generally walk backwards ; if he meets anything he must turn round and 
feel . this precaution is necessary, as by running against iron spikes, &c., the buirs-eyes may be 
broken ; he must return to the ladder oy the way he came, otherwise he may get bis pipe or life 
line entangled 

When two divers are down they must be careful not to cross each other's paths, and thus get 
their life-lines and air-pipes foul 

The signalman is the resjjonsible person, and must be very vigilant all the time the diver is 
down : occasionally he will give one pull on the life-line, and the diver should return the signal by 
one pull signifying all right : if the signal be not returned the diver must l)e hauled up, but if tho 
diver wishes to work without being interrupted by signal, he gives one pull on the line, indepen- 
dently, for ail right, let me alone. If tlie signalman feels any irregular jerks, such as might be 
occasioned by the diver failing into a hole, be should signal to know ii he is all right, and if he 
does not receive any reply, tie should haul him up immediately. If the diver from any cause is 
unable to ascend the ladder and wishes to be pulled up, he gives four sharp pulls on the life-line. 
If while being hauled up the diver gives one pull it signifies all right, don’t haul me any more. 
The diver should be hauled up slowly and sh^ily if the signalman wishes tlie diver to come to 
the surface, lie gives four sharp pulls on the line, on which the diver should answer all right, 
return to ttie foot of the ladder, and signal to be hauled up. 

One pull on tho air-pipe signifies that the diver wants more air. Two pulls on the life-line and 
iwo pulls on the air-pipe in rapid succession, signify that the diver is foul and cannot release him- 
self and reqiiire.s the licip of another diver on receiving such a signal uo attempt should be made 
to haul the diver to (lie surface. 

The above signals are lo be invariably used by the Royal Engineers . other signals may be 
arranged as i.s most conveuicni for any particular work, as a great variety can be made with the 
life-line and air-pipe*. The diver can communicate with the surface by means of a slate. 

W-hen tlie diver comes up. fbe front bullWye should be remove<l immediately he gets to tho 
surface . if he is going down again within a quarter ol an hour, he can have the wristbands removed, 
the weight taken off his bfuly, by leaning forward, and resting the front weight on the gunwale, if 
he is lo cease w’ork the front and back weights must be removed before he leaves the ladder ; it U 
advisable to detach the air-pipr* from the helmet next. The diver must then be assisted into the 
boat, the attendants lifting his legs in one after the other. He can then sit down and have the 
helmet removed, also the waiat-belt, life-line, and boots; next the overall and the outsiile stockings. 
The breast-plate band should then he removed, the thumb-screw’s at the junctions of the breast- 
plate bands- being uuscrewtHl first. The bands being removed, the? outer collar should be taken off 
with care .so as licit lo tear it in getting it over llio screws. The breast-plate is then removed, tho 
dress pulled down, the ouff-(‘Xpanders or fingers being used lo enable the diver to withdraw his 
hands from the cuffs The .sfioulder pa<l and crinoline and other clotlu's can then be taken off. 

After the day s work is (.ver tlic joints of the air-pipes must be carefully cleaned, and the pipes 
coiled away in the helmet-chest The iliving dn^ss should be cleaned, and if wet iu&idc turned 
inside out and hung up in tlie shade to dry, the dres.se3 if used in salt water should b(* washed at 
least once a week in clean fresh wnt<*r. The under-clothing must bo kept dry and aired. 

When in store, the pump, &c., must be kept clean and free from verdigris, tlie clothing occa- 
fiioimlly aired, the tools oiled, &(*. When waiiteil for use after lying by for some time, the pump 
should be taken to pieces by a good fitter, and oxnniined to see that it is in proper working order. 
The helmet- valves .should be unscrewed and examined to see that the valve is free from verdigrbs, 
but slightly greased with tallow to pn*vent leakage: tho spring should bo gooil, of greater or less 
strength according to the depth of water. All the screws of the helmet, breast-plate, air-pipes, &c., 
must be kept free from verdigris and clean, but wnped w ith an oily rag. When a piston works 
looses the screw at the top must be tunied a little with a spanner. 

The number of men required for d diving party is, — 

With two with one 

divers down. diver down. 


In charge 1 .... 1 

For life-lines 2 .. .. 1 

For air-pipes 2 .. 1 

For pumps 2 2 

Divers .. 2 .... 1 


1 non-commissioned officer and 8 1 and 5 

The above is exclusive of men to haul up, Ac., according lo the nature of the work being earned on. 
For instruction, a class may consist of from five to ten men. 

If the diving is simply for the recovery of a lost article, the raft should be moored up stream 
about 10 or 15 ft. from the supixised place of tho article ; a weight with a ladder-line attached 
should be sunk about 10 or 15 ft. down stream from the place: the diver should take the other end 
of this ladder-line down with him, end when at the bottom haul it taut and fasten it to his ladder, 
Ho then uses the ladder-line as a guide, and searches the ground on both sides of it : if unsuc- 
cessful he shifts the position of the weight, keeping the ladder-line taut all the tiiae^ and so 

An eimipment consists of tho following packages taken from T. L. Gallwey's Instructians in 
Military Engineoriug : — 
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Description of Articles. 

Weight of each. 

Total Weight 


cwt. 

qrs. lbs. 

oz. 

cwt 

qrs. 

lbs. 

ox. 

1 pump, in case, complete 

1 fly-wheel 

2 

3 

17 

0 

2 

3 

17 

0 

0 

3 

24 

Hf 

0 

3 

24 

]4jf 

1 box, for oil, &o 

0 

3 

9 

0 

0 

3 

9 

0 

1 iron ladder 

0 

2 

20 

0 

0 

2 

20 

0 

5 rope ladders 

0 

1 

8 

0 

1 

2 

12 

0 

2 hand-over-hand ropes 

0 

0 

21 

0 

0 

1 

14 

0 

2 coils 1-in. and 2-in. rope, spare 

0 

3 

3 

0 

1 

2 

0 

0 

2 ladder-weights 

! 0 

2 

0 

0 

1 

0 

0 

0 

2 clothes-chests, complete 

1 

3 

20 

6| 

3 

3 

24 

13 

2 helmet-chests, complete 

i ' 

2 

23 

151 

3 

1 

19 

Hi 

Total 

1 10 

3 

13 


17 

1 

1 

lOj 1 


The contents of the several chests are given below ; — 


Nanie.s of Stores. 

Case, pump, with lock and key 

Containing — 

€rauge, pressure, fixed to pump-case 
Lashings, spliced to handles, each 8 ft . . 
Pump, air. diving, fixed to pump-case . . 

Cramp, screw, for fly-wheel 

Handles winch, for pump 

Nipples, crank, fixed to case for transport 
Spanner, Ik)x. for nuts in pump-case 

Can, oil, feeding 

Box, wood, for small stores, fltted into 

pump-case 

Cotitainiwj— 

Cap, brass, for air-delfvery pipe (spare) 
Connection, double, for use with a single 

diver 

Gimlet spike, J-iu 

Joints, union, double, 1 male aud 1 female 
„ „ single. „ „ 

Nozzle, overflow (gun-metal) 

Nut for securing pump-bandJes (spare) 
Screw-drivers. 1 6-in, and I 2i-in. 
Screw-eyes, for securing pump-enso to 

stage 

Spanners, double-endtid 

„ McMahon’s. 9-in 

Washer-cutter, for washers of air- pipes 

Box, tin, for valves, &c 

Containtfuj — 

Valve, piston (spore) 

Valves, Ijottom. spring (spare) 
Washers, leather, for joints of air-pipes 

(s[>are) 

Wheel, fly, for pump 

Box, oil, with lock and key 

Containing — 

(Cotton, waste lbs. 

Oil, olive, best for pnmps, in tin can, gals. 
Oil, neats-foot, for leather „ ' „ 

Ladder, iron .• 

„ rope, diving 20-ft pieces 

Weights, ladder, 56-lb 

Chest, clothes, with lock and key 

Containing — 

Belt, waist, for knife 

Books, diving, with leaden soles .. pair 


No 


4 


o 

2 


1 

2 ‘ 
4 ' 
1 


4 

3 1 

1 

1 , 
1 


2 

24 

1 

1 

6 

3 

3 

1 

5 

2 

1 

1 

1 


N arof*i> of Stor«»8. N o. 

Drawers, woollen pairs 4 

Dresses, waterproof diving ., .. .. 2 

Eximnders, cutf 2 

(Cloves, water j>roof pair 1 

Guernseys 4 

Instruction.®, printed 3 

Knives. di\iiig 2 

Line, ladder, 1 in rope .. .. 60 ft. 1 

Lines, life, 2 iu rop(* ,, 8 

Overall, canvn.s 1 

Sheath for spare kuifo 1 

Stockings, outshle. grey .. .. pairs 2 

Weight, lead, front I 


„ „ back, with lasidng attaclied 1 

Wristbands, 4 im dresses and 4 spare pairs s 
Materials — 

Canvas, prepared, for repairing diving 

dre8S(‘S yards 3 

Com|V)>ition for dresses in lb. tins 2 

Chest, helmet, padded at the bottom, with 

lock and key 1 

Containmi — 


Bull’s-eye, front, frame and glass complete 


(simre) .. 1 

Caps, woollen 2 

Crinoline 1 

Glasses for buirs-eye, front (spare) . . . 2 

,, „ oval (spare) . . . . 2 


Helmet and breast-plate complete, with 
breast-plate band (in 4 pieces), 12 
thumb-screws, and front bull’s-eye . . 1 


Pads for helmet 2 

Pipes, air, spiral wire, with union joints, in 

tenths of 45 ft 3 

Stockings, inside, white .. pairs 4 

Box. tin, for helmet stores 1 

Containing — 

Screws, for breast-plate 6 

Spanner „ screws .. .. l 

„ nuts of oval eye-glass .. I 
Springs, inlet, small, for helmet (spare) 2 
„ outlet, large „ 3 

Thumb-screws for breast-plate „ 12 

Washer, leather, for bull’s-eye „ i 

„ „ neck ring „ i 


See J. W. Heinke, On Diving Dresses and Apparatus for Working under Water, Trans. Inst. 
C. S., 1856. 

About the year 1825, C. A. Deane took out a patent for an apparatus to recover pronertv from 
houses on fire As this did not meet with support from the fire-insurance offices C A Deane 
turned bis attention to diving; and, in conjunction with his brother, J. Deane, trifid srnne’exoeri. 
ments on the Croydon Canal, with a canvas helmet and an ordinary pair of forge-bellows These 
experiments proved so far successful as to satiiri^y them that diving was practicable, with ptopvt 
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menne to supply the diver with air. Accordingly they had an air-pump and helmet constructed, 
hut as they did not fully answer the purpose, Messrs. Deane applied to A. Siebe, who, in 1830, 
made others, which proved satisfactory. The helmet was what was termed an open one. The air 
entered by an elbow at the bock, and was conducted, by means of the tube a. Fig. 2452, to the 
diverts face, so that he at once inhaled the fresh air, and at the same time the breath was pre- 
vrnt(*d from condensing on the glasses. The foul air escaped from underneath the jacket attached 
te the helmet, on the same principle as the air escaped from a diving bell. 

“With this apparatus, Messrs. Deane undertook and executed several important diving operations. 
Amongst other experiments that were tried was the introduction, in 1832, of a valve in the front of 
the collar of the helmet, by which the diver could regulate 
tl»e exit of tlie foul air at phiasure. When the valve was 
closed the air was retained, the dress expanded, and the 
diver rose to th(^ surface. Aftir several careful trials, 

Me ssrs. Deune came, however, to the conclusion that the 
diver was sjifer with the air-pi|ic ami signal-line in tlie care 
ol an attendant, who could iiaiil him up at a moment’s 
notice ; since, with the valve above alluded to, the diver was 
liiihh* to get liurt hy rising up umh r tlie vessel or latat, or by 
b(*coming entangle i with tho rigging of the wreck, or por- 
tions of tiuJ >vork.'» upon which the ftperations were conducted. 

For th<*si* reasons tlie use of the vulve was discontinued. 

As diving caim* int<i more g»*nor.il use, several accidents 
happened tliiongh im xjierii nceil ilivers not keeping thern- 
srlv(‘s in a prnjior poaitimi when usifig the ojmn helrm t. 

In consequence of this. A. 8iebe, in 1837, introduced the 
close helmet, and at the same time G. K<lwards proposed 
one nearly similar. Altliongh p-rson.iliy acqtiainhtd with 
each other, it was not until Imtli had perfected tlie idea 
that they found they liad hem worhi ig to attain the same 
object. It must not he forgotten that divers owe much to 
liie skill and ingiuiuity of Samson Harnett. 

The elose lieiinet, as rcjm senteil in Fig. 2152, eonsisted 
of a front glass />, which could be unscrewid to enable the diver to take refreshment, or to give 
orders, witliout removing any other portion of the dress. The dri‘83 was fastt ned to the helmet by 
means of the llanges <•, jiressed U>getlier by screws and vtnn~wits. The air entered at the back, 
as in an open helimd. There was an emrance-valve d j-crewed on the elliow ; this allowed the 
air to enter tlu? helmet, but prevented its return. If tlie j>i|»e l^hould hurst the diver Imd p’enty 
of tinu* to come to the surfaet*. Tite outU*t-\alve e allowed th(‘ foul air to escape, and preventea 
the entrance of the water. The valvo-8]iimllo was immediately closed on the least stopjiage of the 
supply of air hy means of a spiml spring, as well ns hy the pnssure of the water. The valve 
being slightly hwided preventid the pressure of the water acting on the body of the diver, in con- 
sequence of the inh'nial pressure In ing greater than the external. 

DIVING HFLL. Fa., Cloche dv phnjvur ; Geu., 7\nii hmjhckc ; It Ah., Carnpam da tnarangoni; 
Si’AN., CiUnpan>i dc ^>U'o. 

W. Forsyth, in the T. I. C. E., Ireland, says that the liest contrivance of this kind is the bell 
gem‘rally attributed to 8mcaton, and improved by Rennie. Various modifications have been intro- 
diiceil by otluTS, and different sizes have bem tried, some larger, and some smaller than Rennie's ; 
hut, for the* general purposes of hvilrnulic archiUx*ture, this bell ba.s mnintaim d its superiority, and 
is in general ust^ w'hile the others are nbanduiied. It i.s how’cver, not without its defects • and 
these defects arc si verely felt by those engaged in particular branches of these operations. The 
most prominent are the following; — Its great weight, and the being comj>elled to use one uniform 
weight lor all depths and purposes coining within the range of its opemtions. 

In constructing the submarine foundations of piers, and so on, at a great depth, tRis weight is 
absolutely neci'ssary ; it has even been found that the mechauiciii contrivances used for managing 
the bell have hut little coraiuaml over it, fnuu its buoyancy at such depths. The great weight 
being in tlio substance of the bell itself, givfS it greater compactness than if the weights were 
foreign to its own substance, and merely attnehed to give it prciKmdcrance. 

It has also boon found that building uuder water to seaward, even at small depths, weight, 
stnngth, and compactness are highly netvssory, as the agitation of tlie tea drives the bell about 
with dangerous force, notwithstanding its weight; and the sliocks it has to sustain, when diiven 
against stones, might displace attached weights, and de^stroy a weaker machine. 

Tliese arc facts which have bt;en proved hy experience, and they are ot importance to those 
concerned in hydraulic opemtious of this kind. But in sheltered harbours, lakes, and rivers, 
whore the depth is often small, and tlie water still, the bell is not exposed to a force that would 
displace it, derange any of its nttaehments, or endanger its structure. And there are many opera- 
tions, such as blasting rocks, makiug excavations, lifting stones, and so on, where it would be of 
great advantage to possess a light m - chine, which could be easily transported from place to place, 
and even taken asunder to fncili^uto its transixirt, and which would require little time or skill to 
rig it up ; and besides dispensing with much of the gigantic machinery uy which diving bells are 
now worked, to be able to regulate the preponderating weight according to the depth at which the 
operations are being curried on. 

Bells constructed of timber have been used, even for building purposes, with considerable suc- 
cess ; and for lifting guns, anchors, merebaudist*, and so on, from wrecKS or places where they have 
been lost overboard, a bell constructed of timber, and jointed with canvas, so as to fold up, has 
been used. There is nothing to prevent such machines being used, ns the pressure which they 
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hare to resist is seldom more than 8 or 4 lbs. the square inch ; but they are so fragile that thftr 
use could only be temporary at best. ^ i * i. * 

The extensive application of sheet iron, especially to hydraiuio purposes, at once points It out 

as the most durable and economical material tliat can be employed, and as jiosseBsinf? all the pr^ 
perties necessary for constructing a light portable bell, capable of being loaded to an extent to suit 
any depth of water. . . i . 

The size of the diving bell for general purposes ought to be the same as Ucniiio s boll ; the size 
of this boll is (J ft. 4 in. long, 3 ft. 10 in. wide, and .5 ft. 4 in. high, internal dinnmsions. To add 
to its dimensions in any way would be to add to the weight iieee.^sary to sink it , and altliough 
this weight would be neutralized bv the included atmo.spheric nir when immersed, yot the wliole 
weight woirid have to be borne wlion tlie btdl was lifted out of the water, or else tJio weights 
removed when it came over water; either of these would bo attended with cost and inoonve- 

nionae. Jumpers of any length can be used in Rennie’s bell. It is only ne ‘e.ssnrv to liave tluMu 

in suites, increasing in length in a certain ratio, so that they can follow oaeh other. If tlio hole 
to be bored be a vertical one, w'hen it is put down so far as to make it necessary to iiitr«Mlii(*e a 
longer jumper than can be turned within the bell when set on the bottom, then nil tliat has to bo 
done is to have the bell hove up to a sufficient height to allow the jumper to he intifKlueed, and 
lowered down again. If the hole be horizontal or inclined — what is U*chnieally called a lifting 
shot — then, instead of the bell being raised, it has be moved to one side, the long jumper intro- 
dneed, and the bell then returned to the former position. There arc many of these little contriv- 
ances known to the workmen practised in this kind of work, which enable them to i^urmount many 
seeming difficulties. 

For blasting rock in depths under 10 ft., much time and expense wf>uld lie saved py the follow- 
ing plan. Let the workmen in the diving bell select a prop.T place ft>r the proposed shot, and 
enter a hole, say 12 in., then jumpers of sufficient length ccmld be intriHluced b) enable the hole to 
be completed to any reqmired depth from a Hat — similar to the boring Hats iistnl on the Shannon — 
or from a raft or scaffold. ^VllGn the hole is completed to the required depth, the charge can bo 
put in and stemmed by the \vorkman in 
the diving bell; and as it is seldom that 
less than 3 yds. of fuze are used for the 
safety of the workmen, the end can be 
brought to the top of the water and fired. 

If this plan be followed, about one-half 
of the usual cost of boring under water 
would lie saved, as the divers would have 
little more than a fourth of the work to do. 

The nnmsrous attendants on the bell, and 
the necessary slowncsvs, in coinparisr)H to 
working on a lighter or raft, will warrant 
these statements. If the rock be of .such 
a kind that horizontal or inclined holes are 
necessary, this plan cannot be followed, but 
a hole inclined 50 or 00 degrees may l>e 
bored in this way. 

To make the internal economy of the 
diving bell intcilligible,a section of Rennie’s 
bell is given, Fig. 2153. 

A, is a foot-lxiard which is movable, and 
seldom used, except when descending and 
ascending. B B, two scat-boards ; these are 
also movable, being inserted between rai.sed 
fluunch bracket.s, ca.st on the side of the 
bell. C, a timber rail, wo«lge 1 between the 
ends of the bell, and pkiced in the angle 
which the top and sides make ; there is one 
on each side. Malleable iron hooks are 
driven into these rails, from whicli the tools 
are suspended, namely ; — two setting bars, 
a shovel, or two boring hammers, a 
3-ft. rod, several chains, and the signal 
hammer. These are the tools always neces- 
sary, excepting the shovel. For occasional 
work, such as firing, there arc jumpers and 
tampers of various sizes; but these, and 
heavy chains and hammers, are left lying 
at the bottom when not being used or un- 
derling repair. D, are the inside coupled 
chains ; these are also made so as to be de- 
tached with ease. £, the air- valve attached 
to a brass grating of the form shown. Fig. 

2454, which is secured to the top of the 
bell by screw taps. The valve is simply a disc of stiong leather hold in its place by the screw 
lap which fix the brass grating to the top of the liell. F, the coupling chain, by whicli stones and 
other weights are lifted. G, the line at which the water usually standH on the insider of the bell, 
when the air-hose is in good order. H«the/^tcts. 1, stone suspended by i he lewis and ebaiTiM The 
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lA of the greater part of these is obvious. The tise of the internal coupled chains will also bo 
understood by ibe manner in which the stone is represented, as suspended, in the sketch. 

If we suppose, for illustration, a stone to be lowered down ; the bell is then brought over it, and 
made to rest slightly on the stone to steady it. The chains by which the stone was lowered down 
are then detached ; the lewis having been inserted into the stone before it was lowered, is attached 
to the inside coupled chains in the following manner ; — the chain F, which forms an indispensable 
item in the furniture of the bell, has a hook at each end, one much stronger than the other ; the 
strong hook lays hold of the ring which couples the two inside chains D. The other end of the 
coupling chain is run through the ring of the lewis, and either hooked into the ring beside the large 
hook, or, what is more common, four large links are made on the end of the coupling chain F next 
the large hook, and into one of these the small hook is hooked, suiting the length to the proper 
distance between the bottom of the bell and the stone when susjHinded. When this is done, the 
bell is then hove up, and as the stone is attache<l fo the bell by the chains F and D, the stone is 
also hove up, and, when high enough, carried away in obedience to the signals. 

When the bell is prepared for boring, every implement that can be dispensed with is removed 
to make room. One or both of the seat-l^rds are taken out to make seats on the rock, or scaffolds 
to stand on. If the hole be a horizontal or inclined one, it is necessary that the bell be so far raised 
as to allow the jumper to be put out under the end of the bell ; then the foot-board and seat-boards 
are made into a scaffold by suspending them from the hooks in the timber rail, by lanyards or 
gaskets. When the hole is bored, the bag or cartridge is introduced, and tamped in the ordinary 
way, only clay will not answer, it becomes too soft with the water — soft burnt orick must be used. 
Alwut 3 yds. of fuze being left attached to the bag, the seat-boards and foot-boards are replaced, 
the end of the fuze is kept in the liell, which is now removed as far as the length of the fuze will 
permit. The fire is tljen applied, and 
the bell removed farther — about f» c r 
6 yds. in all — from the shot. This is 
quite far enough for safety, as no frag- 
ments will be able to force their way 
through the water to do any injury. 

Forsyth designed a sheet-iron diving 
bell, represenfod Figs. 2455 to 2457. It 
is made the same as Hennie’s bell in 
size, although a smaller l>ell might be 
occasionally used with great advantage. 

The, plates are | or ^ of an inch thick, 

6 ft. (3 in. long by about 2 ft. 3 in. 
broad. i These plates should be placed 
in the manner shown on the drawings 
— that is, the seams or joints of the 
sides and ends to bo vertical, and the 
lower ends of the plates turned up so 
as to form a receptacle for the ballast 
w'eight. As the length turned up will 
not give sufScient depth to this recej)- 
tacle — or what may be called pocket — 

Forsyth proposed that a plate be joined 
horizontally, or its length parallel to 
the bottom of the bell, and continued 
quite round, forming a continuous band 
to give strength to the pockets at the 
comers, where the plates are necessarily 
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eut to allow them to be turned up at the bottom. Forsyth designed the pockets to be 20 in. or 
more deep. If 5 ft. 4 in., the height of the bell, be taken firom 6^ ft., and 7 in. for the aemi-cylin- 
diioal bottom of the pocket fiKun the difference, there will remain only 7 in. of the side and end 
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plates to be turned upwards for the outside of the pockets. It will therefore require a plate 16 i8. 
or more broad, allowing for the seam, to make the p^ket of tho proposed depth, not taking the 
semi-cylindrical bottom into account. Instead of piecing each tumed-up plate with 10 in. in 
length, For 83 rth took four plates, about 6 ft. long each, and 16 in. broad, which, when joined together 
by riveted scams, will make a continuous band entirely round; and this band is joined to the 
tumed-up ends of the vertical plates by a riveted seam. 

To this continuous horizontal plate are attached knee-plate stays, 4 in. broad and } in. thick. 
These stays are riveted to the sides and ends of the bell, three on each side and two on (?ach end. 
The top of the bell is attached to the sides and ends by angle-iron, such as is used in the construc- 
tion of steam-boilers. The comers of the l)ell fomi a jK>rtion of a cyliruler — 6 in. nuiius~>to facili- 
tate the bending of the plates, and avoid straining them ; tliis will also assist the lamding of the 
angle-iron round the comers and ends of the bell. The cylindrical corners of the bell make it 
necessary that about 12 in. in breadth bo cut out of the middle of tho plate, frc»m the line which 
terminates the vertical part of the plate fonuing the boily of tiie bell to the end of the pinto. When 
the portions of the plate remaining after this piece is cut out, nrt‘ lw*nt upwards, the ope must bo 
covered with a piece of plate forged to the proper figure. The cutting and forging of the corners 
of the pockets will leave them weaker, and therefore it is desirable to have the continuous baud to 
strengthen them. 

The top of the bell is forme4l of tvro pieces of plate of une<|ual breailth, to avoid having the 
riveted seam in any of the jx*rf(»rtttion8. A bar of iron is placed on the top and extending its 
whole length, except where the air-hose is attached to tlu‘ top of the Ih* 11. and turning down on each 
igid. The general dimensions of tliis bar are 2 In. square, and thiniaMi tow'ards the inverttnl ends; 
and having two pedestal-formed |mrts, as shown, to receive the shaekle-lsilts r>f the coupled chains 
bv which the bell is suspended. These shackles, Isdts, chains, and ring, to be the same as those 
oi the bell now in ordinary use. A similar bar is on the in.siile f>f tin* Ixdl-top, but shorter, not 
having its ends inverted. These bars are to l^e attached to each other and hi the Ixdl-top by four 
rivets of In. round iron riveted hot ; and the two inverted ends of the top bar to be secure*! to 
the ends of the bell by one rivet cacli. To the inside bars the coupled chains for lifting weights 
are attached by shackles and bolts. The screw-joint for receiving the end of the air-h4>sf, and tho 
valve on the inside of the l>ell, to be of the same materials ami construction as the Ixdl aln^ady 
referred to. The perforations for tin? lights to be .*) in. in diaimder, the lenst^s 7 in. in diaiueU^r, 
and 2 in. thick in the middle. The lenses to be* secured with glaiuls, hejup, ami luting of n*tl or 
white lead, and fastened to the top of the l»ell with 8crew-tap.s. The number of lights t) be eiglit, 
the usual number is ten. The position of the two deficient ones is 4x*cui)i<*4l by the bar al*ove 
described. This bar was considered necessary to prevent straining the angh*-iron, by which tho 
top of the bell is attached to its skies and cmls: anil {x^rhaps it may bo ailvisabh* to have two other 
biLTs placed at right angles to this one. procewling from the pedestal parts, and turning down tho 
•ides of tho bell and riveted in the manner lieforc described. These bars are not shown on the 
figures. 

Tho air-pump and air hose or pipe to be the same as those in general use. 

The ballast to be of cast iron, moulded of such shapes as will fit tlio fK)cket8, and provided with 
handles sunk below the surface. 

On an emergency, or where it might not be convenient or advisable to transjKjrt tlie ballast, 
malleable iron bars of suitable lengths, and any scantling, may be u^ed, so that they stow into tho 
pockets and fill them. 

If the weight of the bell, about .32 cwt., be found too great for transport, it may he made in two 
divisions — see line c, d, on Figs. 2455, 2457 — and joined together by a wries of srrew-lKilts instead 
of rivets, and having a band of hemp or canvas luted ivith red-lead interfxmed }x'tw(x<n the parts 
to make the joint air-tight. It is, however, evident that this ought to la* avcii^led if {x^ssihle. 

DOCK. Ba8$in de construction ; Ger., Werftd<H:he ; Ital., /Aici/io ; ^VkS,^ JHque, 

A dock is an artificial enclosure in connection with a liarlamr or river, usixl for the reception of 
vessels, and provided with gates for keeping in or shutting out the tide. 

A dry dock is a dock from which the waterr may be shut or puiii|Mid, m as to leave a ship dry for 
inspection or repairs ; called also a graving dock. 

Floating dock^ a structure, either water-tight or proviilwl with water-tight tanks, for rec4*iviug 
vessels and raising them out of water by its buoyancy, wlu*n the water is pumped out of it, or out 
of the tanks, or the tanks are lowered by machinery ; callerl also scrtionni dtn'k. 

Naml dock^ a dock conn<*ctf!d with which are naval stores, mati^rials, and all convenienc^ss for 
the construction and repairs of ships. 

Screw docK a dock in which a frame for the reception of vessels is raiscxl or lowerwl by screws 
and other machinery. 

Wet dock^ a dock where the water is shut in, and kept at a given level, to facilitate^ the loading 
and unloading of ships ; a basin. 

The Victoria Dtjcks arc situated near Black wall, I-iondon, and occupy an area, incluHive of tho 
entrance lock and eastern channel, of nearly 106 acres of watcur, tur of 200 acriis of laml and water. 
Fig. 2458 gives the jmsition and shows the plan of these docks. The water area cnmpriMcs the 
entrance lock fmm the Thames, with two ^irs of gai<*H, hniding by a channel into the tidal basin 
of 16 acres, which is separatiKl from the main dock of 74 acres by a dumb jetty, but communicating 
with it by a single pair of gati^, and t<;niiiuatirig, at present, with a cut or ebantud at the isistem 
extremity. In general terms the basin and dock together (exclusive of the eastern cut) are 
4050 ft. in lenj^h and 1058 ft. in width at the level of high-water mark. In aihlition to the aumb 
or seoarating jetty, there are four other jetties projecting into the dock from th(^ north side* each 
581 ft. long and 140 ft. wide, which are plac^ed 430 ft. apart, except the most easterly one, which 
has an intersfiace of 550 ft. The jetties, with tho sides of the dock and of the liasin, provide 
a length available for quay room of nearly 3 miles. The surface of the marsh, which is nearly 
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level, is about 8 ft. 6 in. below Trinity high-water mark, and, previous to the construction of the 
docks, it was drained by open ditches carried by means of culverts with trapped outlets through 
the andent river bank into the Thames. This bank, which {protects the lands from the tidal water 
of the river, is maintained at a height of 5 ft. above Trinity high water, and this is the level 
edited for the top of th;.^ copings of the entrance and entrance-lock walls. 
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It may ix) well, while speaking of the Trinity high-water mark (a convenient datum to which 
to refer depths), to state that the l)ottom of each of the two docks is 24 ft. below this standard, the 
depth of tho channel leading to the lock from the basin is 25 ft. 8 in., on the sill of the upper gates 
25 ft. 6 in., and in the lock itself and on the lower-gate sill 28 ft., a depth which is maintained 
through tho entrance into the river. As the mean fall of tide is 18 ft., there is, therefore, on the 
lower-gate sill a depth of 10 ft., and on the upper-gate sill a depth of 7 ft. 6 in., at Trinity low- 
water mark. 

Tho subsoil, beneath a layer of alx)ut 12 in. of topsoil, may be briefly described to consist of 
various thicknesses of yellow and blue clays, averaging together 5 or 6 ft. in depth, then a stratum 
of peat, of no txjonomical value, varying from 5 ft. to 12 ft. in thickness, and beneath this a bed of 
gravel, overlying the London clay. At the entrance, the upjM'r clay-beds were from 8 to 9 ft. thick, 
the pat about the same, and the gravel 10 ft. thick near the lower-gate platform; but in the 
middle of the lock-chamber tho gravel diminished in thickness to 7 ft., increasing Again to 8 ft. at 
the uppr-gate platform. Hence the solid clay substratum was found, throughout the length of 
the l(X!k, at a nearly uniform depth of 37 ft. below Trinity high-water mark, and on tJiis founda- 
tion, at a depth of 37 ft, 6 in., the brickwork of the upper and lower gate platforms was laid. 

Entrance and Entrance Ln'k . — Proceeding Horaewhat more in detail, it will be seen from the 
plan, Figs, 2458, 2459, that the channel, which on leaving the tidal bR.sin is 15G L. wide, ooutracts 
as it approaches the lock at tho swing bridge, after passing which the side wails, throughout the 
lock and entrance, are constructed of cost-irou piling and plates, backed with concrete, but inter- 
rupted in two places, for the brickwork of tho gates. The piling has a batter of 2 in, in a foot, 
and where it commences the width between the copings is 91 ft., which continues for a length of 
rather more than 100 ft. The brickwork of the upper-gate platform then begins, and occupies a 
length of 83 ft. 8 in., the side walls being here vertical and 80 ft. apart; then the lock- 
chamber, Fig. 2400, with concrete walls and cast-iron piles, as before, for a length of 256 ft. 10 in. ; 
then the lower-gate platform 73 ft. 3 in. in length, giving a lock-chamber 80 ft. wide at the bottom, 
82f ft. 6 in. long from gate to gate, Fig. 2465, and with a depth of water of 10 ft. on the sill at low 
water. Beyond this point the piled and concrete side walls recommence, running parallel for a 
length of 85 ft., and then widening out, for a farther distance of nearly 200 ft., in a trapezoidal 
form, the base, or greatest opening, being 385 ft,, and the uneqxiolly-inclined sides being respeo- 
tiveW 297 ft. and 160 ft. in length, the longer one bein^ that next to the Bow Creek. 

The cast-iron piling and cx>ncroto wall are very similar to those alreadv successfully employed 
in the instruction of the Brunswick Wharf, Blackwall, and at Fleetwood Harbour. The cast-iron 
piling is formed in bays, which are 7 ft, 1 in. from centre to centre of the main piles, the inter- 
vening space being fllled, for a distance of 15 ft. from the top, by three cast-iron plates, retained 
laterally by the cages of the main piles which stand in front of them, the lower part beneath the 
plates being made up with four cast-iron sW.t-piles, on the top of which the bottom plate rests, its 
lower edge being furnished with a rebate or Allot which hides the joints and maintains the piles 
in their position. The main piles are each in two lengths ; the lower one, which is 25 ft. long and 
18 in. wide on the face, is provided with two vertical flanges, or feathers behind, 8 ip. deep and 
12 in. a^Murt, the metal being about 2 in. thick; and ttm upper one, which is 12 ft. 8 in. long and 
18 in. wide, has a section similar in form, but somewhat lighter in substance: it is placed on the 
former, and is secured by bolts passing through it and flah-pleces cast on the upjxjr len^h for the 
* purpose, proper chipping pieces being provide to ensure accurate fitting. The sheet-piles, which 
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ftre each in one length of 20 ft., are of somewhat similar form; but it will be unnecessary to go 
into a more minute description of them, as the particulars are fnlly given in Figs. 2466 to 24&. 
The three top plates are each 5 ft. 11 in. wide and 5 ft. deep. They are furnished with the neces- 
sary back feathers to give them strength, the upper one being so arranged as to carry the front 
edge of the stone coping of the wharf, which is 18 in. in thickness. In the rear of each main pile, 
ana at a distance of 18 ft. from it, a timber land-tie 20 ft. long is driven to the same depth as 
the cast • iron piling. 

Through the head of ff I'rnni' i™ 

this two wrought -iron ff l|||lKi ||| 

tie-rods, 2 in. in dia- M I|iig nl 

meter, are passed, and ff Ijl 

secured by means of ff iS Jr J|| 

washer-plates and nuts; 

the lower one is con- ff I K .lif li | 

nected with the uppw B I ■ ft m 

means of an eye-£)lt, anS § R j|l ^ 

the upper one is attached ff/ ® 

to the upper main pile, ff ^ t “ 1 

at a distance of 8 ft. 5 |j(| « 5 « l\ 

above the former, and in z II II S ^ \\ 1 

a similar manner ■ 1 1 B ^ 1 

the look and tidal basin, IH!| T ! • I \ 

the channel was exca- . IH I ^ i J I R I 

vated to a depth of 27 ft. o IH p yl R II | 

8 in. below Trinity high- yl " — 1 I 

water mark, to receive a i- ft '!i| I 

thickness of 2 ft. of clay Jl 1 JjUUL I iMw ^ ll 

puddle. The main piles S fl ® fl 

were driven 5 ft. into the 9 || t |l ff** ~ ) ■ 

gravel, the sheet-piles m — [ j Ir ^ “ ril _ i i m 

entering 2 ft. 6 in. into it. 5 ]jl I'lll IRS 

The concrete wall was 0 ||j lUi ||^B 

carried to the bottom of |n ^ li|| 

the clay puddle ; and the ^ o III r 2 lllr ^ 

whole space at the back, S |H 'll 4m' IS ^ "* llill 

between the concrete J|H u'ftl 

wall and the land-ties, 3n \ Iflmff I ftl 

was filled in with gravel, ,''l\ i 

well rammed. In the 4U 111 I \ fl\ \ 

look-chamber, the gravel 3\\ j vJll \ \ 

in the bottom was taken |l\ ' |'1\ I 

out, down to the clay, 4\l ra g — U^gr — i 

except a portion on each ^\\ U f 

side, into which the piles zUU \ I y 

were driven, and on olU \ r rj , J B- j||\ m j 

which concrete was laid ** \\V ^ / 

in front, forming a toe lilt FT 3|51ir / 

to the wall, and sloping wlu f 

down towards the centre, mI\\ o' r ijluv 5 < g i 

Fig. 2463. and the whole SlVl 5 1 1 jj^A b * 

intervening space was III 2| 1 IrnfA fif 

filled with clay puddle l\\ g| f W 

to the proper level. l\\ * | ^ I ^ 

Beyond the lower- u/ • 

gate platform the con- 

Crete walls were carried, < \ 

for the full thickness, to Jj 

the back of the land-tie s 11^ 

piles, and on a level with 

the top of them, or about y ^ \ 

15 ft. below Trinity high- S X ^ 

water mark. The walls 9 / 

were then reduced in 

thickness to about 10 ft., t 

and were carried up verti- '0 fi 

cally at the back, giving, 

in consequence of the batter of the front piles, a thickness of 0 ft. at the top. as in the other < 

The wharf wall is finished off at the top in the front by a stone coping 18 in. thick and 8 ft. 
on the bed. 

The concrete was composed of clean gravel, containing two-thirds coarse and one-third sharp 
grit, and Hailing lime in the proportbn of six to one. The lime was not ground, ]>ut used hot, 
and the concrete was found to set very hard. 
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Upper and Lower Gate Platforms , — It luui been 
ilready stattd that the Londun clay was found at 
about 87 ft below Trinity bigh-water mark. In 
oonsequence of a good, and at the same time an 
impervious, foundation occurring at a convenient 
depth, an invert was dispensed with, and ordinary 
brickwork in level courses was employed, Figs. 
24(12, 24(14. Areas 120 ft wide ana 83 ft. 3 in. 
long for the upper platform, and 120 ft. wide and 
73 ft. 3 in. long for the lower platform, were laid 
bare down to the London clay, and round each of 
them a single row of elm sheet-piles, 16 ft. in length 
and 8 in. thick, was driven close, to a depth of 

6 or 7 ft, into the solid clay, the heads being 
levelled and siicured by walings; and within the 
spaces so enclosed the brickwork of the platforms 
was laid. The thickness of this brickwork in the 
cose of the lower gates was 8 ft. 6 in., reckoning to 
the underHBlde of the shutting sill, over that por- 
tion of the area traversed by the gates and included 
between them when open ; wdiile the rest w’as 
carried up a foot higher, or 9 ft. 6 in. to the top of 
the shutting sill. The sill of the upper gates being 
2 ft. 6 in. higher than tiie lower sill, the thickness 
of the brickwork is here reduced to 6 ft. 6 in. and 

7 ft. 6 in. in situations corresponding to those 
previously descrilied ; but os the clay is found 
here at the same level as at the lower platform, the 
additional depth of 4 ft. 6 in. is made up with 
concrete. It will be seen that the suflieiency of 
this mode of construction is mainly dependent upon 
the means and core taken to prevent the water from 
getting to the under-side of the brick vrork, and 
blowing it up by its lifting power. The weight of 
the brickwork is wholly inadequate to resist the 
lifting power of the water. For example, in the 
case of the lower-gate platform, with the water 
standing outside ut the level of ordinary Trinity 
high water, tiie pressure of the water on the under 
surface of the brickwork, if it* hud access there, 
would be more than 2300 lbs. a srniare f(x>t, while 
the weight of the brick woik inside, with 10 ft. of 
water u^ion it, w«>uld only amount to 1640 lbs. a 
square foot. See Dam. Hence tho iiuporiauce of 
taking out all the gravel, in order to bring the brick- 
work and concrete into direct contact with the 
impervious clay, and the advantage, if not neces- 
sity, of the precaution of covering the horizontal 
joints with the close sheet-piling. In this way 
the access of the water to the under horizonttd 
surfaces is so interfered with, that its lifting power 
U c'fTectually neutralized witliout the help of the 
side walls, as when an invert is employed, at the 
same time the horizontal disposition of the brick- 
work, perfectly free from all complexity, affords 
the greatest facility for bedding holding-down 
plates for the shutting sills, pivot-crosses, roller- 
paths, and so on. Upon these platforms the side 
walls are carried up in brickwork, including the 
copings, to heights above the si lls of 33 ft. and 
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30 ft. 6 in. reepeotively, and at a minimum distance apart of 80 ft. They are 20 ft thick wherS 
they connect with the concrete walls and iron piling, and continue so till the curved recesses for 
the gates commence, by which the thickness is reduo^ to 11 ft. in the central part of the hollow* 




TRINITV HtCH WATER ftAARK 



Section on line G H. 


The hollow is a portion of a circle, having a radiua of 12 in., and the length of the an of 

are left in each aido wall for receiving the rollor-fremea 
nen tno gates are opened back, the break in Uie coping being covered with a cast-iron plate. 

providofl for the chain roller boxes and chain ways, which are of the orefinary 
dcncnption, lead up to the vaults containing (he hydtaolio machinery. Fig. 24C0. formoviug She 
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gates, which is situated just beneath the upper level of the wall, and to the rear of it. The side 
walls at the ends are raked round in a doubloHsurved form, to meet the batter of the piled and 
concrete wall of the look-chamber, so as to avoid a sharp vertical arris. Where the vertical part 
terminates, at the o^t end of the wall of the upper gates, and the west end of that of the lovrer 
gates, a hollow ^uoth, somewhat similar in fonu to that for the gates, is placed to receive the 
caisson, a step, or sill, being provided in the bottom for the same purpose. The hollow quoins, the 
external arris of the gate recess, the caisson quoins and sill, and the copings and bed stones for 
the anchors (see Amgbob), were n^e of a compact sandstone, and those constituted all the stone 
employed, with the exception of that required for fixing the hydraulic machinery. The brickwork 
was composed of bricks made of clay from the excavation, faced with Maidstone bricks, laid 

in mortar, composed of clean sharp sand, found on the site of the dooks, and Hailing ' 

in the proportion of two to one. 


2468. 

3466. 2467. Piles. 



Sluice-Pipet and Sluices, Fig*. 2464, 2465.— For the purpose of filling md emptying the lock- 
chamber eight sluice-pipes are provided, four at the upjMjr and four at the lower gates. These 
pips are of cast iron, 5 ft. in diameter, with the centre, or axis, placed 9 ft. below low-water mark 
pey are laid in pairs, through each side wall ; the face-plate of the inlet* being recessed in the 
deei^ prt of the curve, Fig. 2460. After passing to the bock, thw are turned, so as to run 
parallel to the lock for a distance sufficient to clear tha end of the wOl .... 


pierced with tru^t-shaped apertures, with flanges beliind for the purpose of 
onck culvert 16 ft. m diametfjr, the open sy^ above the pipes affordiiur facilities for 

The sluices are rimilar to those used in watte-woik*. The paddles are of oast iron, faced with 
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braM. A oait-lnm tnmk, with sn internal oap^ty of 6 ft. by 2 ft., is brought vm from each to the 
coping level, in the upper part of which is contained the hydraulic apparatus for lifting and closing 
the sluice-valve. These trunks permit the paddle to be easily withdrawn for repair. Provision is 
made by which all the sluice apparatus from the bottom can be taken out, witnout disconnecting 
the pipes. In this, as in every other case where it was practicable, the principle was acted upon — 
to am>rd, in the arrangement of the design, and during the construction, every possible facility 
for the subsequent examination and repair of those parts which are most liable to get out of order. 

The portion of the lock bottom beneath the outlets, and therefore expo^ to the wash and 
disturbing action of the water, is doored for a len^h of 50 ft., from the termination of the brick 
platform, and for the full width, with creoaoted planking, secured by means of walings to piles, 
driven 7 ft. apart over the area. The spaces between the heads of the piles, the walings, and the 
planking are filled in with concrete to a depth of 2 ft. 

The WroughUiron Gates , — Of these there are three pairs; the upper and lower gates of the 
entrance loc^ Figs. 2469 to 2476, and the inner gates, separating the tidal basin from the main 
dock. The upper and inner gates are of the same dimensions ; and the same general arrangement 
being employ^ in the three sets, a description of the lower gates will be sufEicient for the present 
purpose, leaving a few minor differences to be pointed out afterwards. 

Until within a comparatively recent period, timber was exclusively employed in the construction 
of look gates ; and while they remained of moderate dimensions, this materi^ was well adapted for 
the purpose. But with the increased size of ships now employed in commerce, demanding larger 
lock entrances and gates, the difficulty of finding timber of sufficient length and scantling, and 
then of giving it the necessary curvature, has become so serious as to render the use of iron almost 
a necessity. In the earlier examples cast iron was employed for the internal framing. This was 
generally covered with planking, but in some instances wrought-iron plates were us^ instead of 
tlie planking for the skins of the ^tes, advantage being taken of the opportunity afforded by this 
arrangement to diminish the weight on the points of support, by the fiotation obtain^ by 
excluding the water from the interior of the gate. 'J'he cast-iron framing is now advantageously 
superseded by the use of wrought iron, so that the whole gate, with the exception of the heel and 
mitre posts, and shutting sill, which are generally either of w(^ or of cast iron, is constructed of 
this convenient material, which, combining stren^h with lightness, avoids at the same time the 
lesser evils of unequal expansion, screwed connections, and other inconveniences, as well as the risk 
of fracture from sudden blows, to which cast iron is liable. For the gates of the Victoria Docks 
timber would have been very unsuitable, not only on account of their large dimensions — ^the lower 
gates liaving a span of 80 ft., and a height of 31 ft. — but because of the considerable amount of 
curvature given to them, the versed sine being 20 ft., or one-fourth of the span. 

The form of the outer curve of the pair of gates is the arc of a circle having a radius of 50 ft., 
the distance between the skins at the heel and mitre posts being 2 ft., and at a point midway 
between them, 3 ft. The inner boundary is formed of two arcs of circles struck from centres 
9 ft. 51 in. apart, with a radius of 59 ft. 9} in. The space between these curves represents the 
form of the fourteen horizontal diaphragms in each leaf, varying in distance ap^ from 1 ft. 11 in. 
at the bottom to 3 ft. at the top, and placed parallel to the floor of the lock, with the exception of 
tho bottom one, which is sloped 9 in. upwara at the heel-post, to give more room beneath for the 
cast-iron step-piece and pivot. On the under-side of this bottom plate, which is f in. thick, 
is secured, by means of y -iron bracket-pieces, the timber which meets the cast-iron shutting sill. 
This is made of green-heart, 9 in. deep and 4} in. thick. 

The other horizontal diaphragms are 1 in. thick, and are connected with the skins by 
4i in. by 2i in. in section, and by angle-iron 2^ in. by 2^ in. in section. There are also two vertical 
diaphragms which divide each loaf into three nearly equal parts, passing continuously from the top 
to the bottom, and therefore intersecting each horizontal diaphragm, the X-irons and angle-uons of 
which are brought round and riveted to the vertical diaphra^s. This arrangement suMivides the 
horizontal cellular spaces, and also prevents the gate from twisting. Man-holes are provided in each 
oomimrtment through each diaphragm, to give access to every part of the gate, and they are closed by 
covers at the proper level for giving the requisite amount of fiotation. Of the framework thus con- 
structed the outside plating is riveted. This varies in thickness according to the amount of strain it 
has to bear, from | in. at the bottom to | in. at the top. The plates are disposed with their lengths 
placed vertically, all the joints bcin^ provided with strips on tne outside and on the inside, to ensure 
their being water-tight. Short horizontal strips are also r^uired, where, from the passage of the 
vortical diaphragms, it is impossible to calk the horizontal | -irons quite close into the comers. 

In the caisson, which was constructed subsequently, the widths of the plates forming the skins 
were placed vertically, and with advantage. 

The heel and mitre posts, which are of green-heart timber, are bolted to the strong vertical 
plates forming the terminations of the ironwork of the gates. They are kept in place laterally 
by an angle-iron, 3 in. by 8 in. in section, riveted on each outer edge. The bolt-holes ore deeply 
muntersuuk, and the holes filled with green-heart plugs, set in marine glue. The passing of those 
wits through the vertical diaphragm-plates, and tlie difficulty of keeping them well tightened up, 
has been the source of some leakage into the gates, and even now occasionally gives trouble. 

The attachments of the chain, for opening and shutting the gates, consist of strong gusset- 

S ieoes, riveted to the outside plating, so as to take hold of one of the horizontal diaphragms. 

trong bolts are passed completely through the width of the gate, so os to bring the strain as 
much as possible on both skins. These attachments are also plac^ opposite each other, one on 
the inside and the other (m the outside of the gate, so that the bolts para from one to the other. 
In the bwer gates they are at a height of 12 ft. above the sill, so as to be acc^sible at low water. 
The sectional diam^r of the eye-Mt is 2} in., that of the opening and closing chain is 1) in., 
and the greatest strain brought upon them by the hydraulic machinery is about 7 tons per inch. 

^ The footpath platform at the top, wMoh is 3 ft. 6 in. wide in the middle, and 2 ft 6 in. at the 



1242 


DOCK. 



DOCK, 


oonsiBtfl of planking 8 in. thick, carried on caatriion 
biucketB, so as to be level with the coping of the wharf. 

Tiie movable hand-railing on the side is 8 ft. high. Owing 
to the great curvature of the gates, a somewhat peculiar 
arrangement was necessary. In lock entrances generally, in 
cousequenoe of the inoouvenienoe and obstruction to the 
passage of ropes during docking hours, occasioned by the 
use of a fixed hand-railing, or fence, the standards have 
been usually connected by chains, and placed in sockets, 
so as to bo easily taken out. This is an inconvenient 
method, and causes delay, from the number of separate 
parts, by encumbering the footway of the gates when 
down, and forming when up but an inefficient protection. 

In a recent example, the Hartlepool gates, which are 
straight, a rigid top rail was employed, connected by a 
knuckle-joint to the standards, which wore jointed near 
the bottom, in such a way that the whole could be de- 
pressed, the top rail being parallel to the planking, and 
raised but a few inches above it. In the Victoria Dock 
^ates, owing to the curvature, the standards cannot move 
in the same plane ; they are therefore each made with a 
separate foot, in which they turn, as on a pivot, forming 
a swivel-joint. Above this is the lower hinge, and the top 
of the stendard is connected with the top railing by a 
knuckle-joint, the railing being made of iron tubes in. 
in diameter, bent to the form of the gate. Each standard 
has a counter-balance weight, which works by a short arm 
below the planking, out of the way, and the railing can 
be readily depressed to within 6 in. of the coping level, 
and be raised again, by one man. When down, the cmrved 
extremity of the railing lies on the wharf, and ropes, being 
prevented from getting under it, rise and slide along the 
smooth rail, thus avoiding any entanglement or obstruc- 
tion. When raised the rail is kept up by a simple catch, 
which is easily released by the pressure of the foot. This 
railing forms a rigid and efficient fence. 

The |K)int8 of sup]X)rt, and the mode of retaining the ^ . 
gates in place, must now be described. These comprise, ^ J 
the pivot-cross, pivot and step piece, containing the pivot- ^ 
brass, the shutting sill, roller and anchor. 

Pivot-Cross and the Pivot. — The foundation for the pivot 
consists of a massive cast-iron cross, the length of each of 
the four arms being 5 ft. from the centre of the pivot. 
These arms, which arc hollow, are 18 in. square in section, 
and the metal is 2 in. thick, leaving an internal cavity 
14 ill. square. Strong oak timbers, 15 ft. long, are driven 
into these arms, projecting 10 ft. beyond the ends of the 
cast-iron cross. Through two of these timbers, four bolts, 

2 in. in diameter, are passed down to two holding-down 
plates, w'hich are 4 ft. square each, and are set in the 
solid brickwork. Between the arms of the cross, webs 
were cast, forming, with the included arms, an area of 
16 sq. ft. Four bolts, each 2^ in. in diameter, connect the 
web to a massive holding-down plate, 5 ft. square, also 
bedded 8 ft. in the solid work below. The pivot-cross is 

{ >laced with its arms parallel and perpendicular to tho 
ock wall, which stanos on two of them ; the otlicr two, 
the upjMjr surfaces of wliich arc on a level with the bottom 
of the shutting sill, are hold down by the plates and bolts, 
ns already described. On tho up|>er surface of the cross, 
projections were made for attachmg tho first length of tho 
shutting sill ; and exactly in the centre, a circular fillet 
was loft, which was accurately turned out, for the recep- 
tion of the pivot, which is of cast iron, 6 in. in height, 
accurately turned to a diameter of 11 in., in order to work 
properly in the brass of the step-piece. The lower rim is 
also turned, to fit tho recess in the pivot-casting. Tho 
vj^r step-piece is a casting 1 ft. 5 in. in depth, and about 
on. S in. long, strongly Mted to tho unaer-side of the 
gate. It oontains a recess for the reception of the brassy 
which is 16 in. long, 16 in. wide, and 5 in. deep. The 
rides of the recess are 2 in. thick, and the brass is accurately 
fitted, by means of chipping pieces and planing. A sjmee was 
ftlflo left for end play, to provent any strain being brought 
npon the pivot by the weanngaway ii tho timber heel-p^ 
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The ShvdtHng iSi27.— The Bhntting silL the outer curves of which correspond to those of tie 
inner curves of the gates, is composed of eight cast-iron segments, four on ewsh side of the mitre- 
point. Its cioss-seotion is in the form of an angle-iron, 12 in. high. 18 in. on the bed, and 2 in. in 
thiftlrnAftfl This is at the mitre or meeting point of the gates, and it gradually increases in height 
to 1 ft. 9 in., and in breadth to 2 ft. 3 in., respectively, where it is bolted to the pivot-cross. 
segment is strengthened by feathers, or gusset-pieces, at the back, at intervals of 2 ft. Clupping 
pieces are provided on all the junction surfaces, to ensure accuracy in fitting. The sill was 
secured by ouilding into the brickwork, at a distance of 8 ft. beneath it, a strong cast-iron bed- 
plate, of the same area as the sUl, through which bolts were placed and built in, leaving a small 
space round each other of them for adjustment. When the brickwork was brought up to the 
prc^r level, the sill was lowered down over the bolts, which were tightened up from time to time, 
and the spaces round them then grouted with cement. There are fifteen of these bolts for each 
segment, ten being 2 in. in diameter, and five of in. in diameter, the larger bolts being placed 
as near as possible to the inside of the vertical face of the sill. As soon as the bolts were 
sufficiently t^tened, the brickwork was carried up to the level of the top of the sill, over the area 
not traveraed by the gates. 


2473. 2474. 2476. 2476. 

Sections of Lower Gates. Section of Upper Gate. Section of Caisson. 



Tpie Rotter , — ^In the case of a gate with one roller, in order that it may work easily and bring 
as little strain as possible on the anchor strap, the axis of the roller must be in the vertical plane 
passing through the pivot axis and the centre of gravity of the gate. Fig. 2469. If the weight is 
to be distributed Km the pivot and roller in a given ratio, the centre of gravity must lie between 
them, so as to divide the distance inversely in that ratio. This, in the case of a straight gate, 
would allow the roller to be placed under some part of the gate itself; but in a curved gate, 
especially when the curvature is considerable, such a position would in most cases throw an 
nndue proportion of weight on the roller. Hence, in the present instance, it was so plao^ as to 
be wholly external to the outer curve of the gate. This, nowever, is advantageous, as it 
great facility for removing the roller for examination or repair without having reoourse to diving 
apparatus. 

The roller is a heavy cast-iron wheel, 7 in. wide and 2 ft. 8 in. in dismeter, wofking in goth 
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metal gudgeons of large dimensicmB, and kept in position by a framing of cast iron. This framing 
has at the top a hollow socket, which receives a step-piece, keyed into the bottom of a hollow 
column of cast iron, 12 in. in diameter and 28 ft. 7 in. long, and reaching nearly to the top of the 
gate. At its upper end this column is surmounted by a powerful screw, on which is placed a 
massive brass nut, working through a wrought-iron cross-head, by means of a capstan, which can 
be removed when it is not wanted. This cross-head is held down by four Wts, which are 
flattened out into straps, and are riveted against vertical pieces of wrought-iron plate, forming the 
sides of the roller-frame. These plates are connected with the whole depth of the gate by means 
of angle-irons and gusset-pieces. At the bottom they are carried up in a circular form to a 
height of about 6 ft., so as to enclose the roller ard protect it from injury. Within this, on each 
side, two brass guides are riveted to the wrought-iron-plate sides, and are carried up (in the case 
of the lower gates) above low-water mark. The distance between these guides is the width of the 
roller-frame casting. They open out into a trumpet shape near the top, and form a kind of groove, 
in which the roller-frame can slide, thus securing it from lateral movement when at the b[>ttom. 
With this arrangement, the roller can bo easily removed; for the gates being closed, it is only 
necessary to turn back the brass nut at the top, by means of the capstan, so as to allow the cast- 
iron column to be lifted the requisite height of 2 or 8 in., to clear the step-piece at the bottom. 
The cclumn can then be slung on the outside of the gate, and the roller-frame casting, with the 
roller, can be drawn up the groove, by means of chains attached to it for the purpose. When cloar 
of the guides, it can be lowered into a boat, or bo hoisted on the lock wall ; and after examination, 
it can be replaced with equal facility. 

The roller-path is of cast iron, in the form of a bridge rail, 4J in. wide and 8 in. high. The 
fiat sole, or bottom flange, which is 15 in. wide, rchts on a sill of iron-bark timber ; bolts are passed 
through both, down to OAst-iron plates, 3 ft. long and 2 ft. wide, set in the brickwork. One of these 
plates is placed under each joint in the path, and another in the middle of each length. The path 
and roller were designed for a working load of from 12 to 15 tons. The destructive eflects of a 
much greater pressure, to which they were subjected fur some time, will be alluded to hereafter. 

The Anchor^ see p. 60. 

Having complett'd the description of the lower gates, it may be desirable to point out wherein 
the gates differ from each other. 

It has been stated that the lower gates are 31 ft. high ; and as the sills of the upper and the 
inner gates are 2 ft. 6 in. higher than the lower sill, these gates are 2 ft. 6 in. shorter, or 28 ft. 6 in. 
in height. Conseciuently, the outer skins were made somewhat lighter, and the horizontal dia- 
phragms were fewer in number. In other respects the gates are almost identical, with two excep- 
tions, which remain to be noticed. First, the inner gates are not worked by hydraulic power ; and 
secondly, sluice-pipes are not employ<>d, but the sluicing is effected through the gates themselves. 
These sluices arc rectangular, 6 ft. wide, and with a lift of 2 ft. ; and there are four in each leaf of 
the gaUiS. They are worked in pairs, from the top of the gate, by racks and pinions ; the racks 
being hung on opfKisite sides of each pinion so as to balance the weights, and to open the sluices 
by raising the one and depressing the other. 

Ill concluding this [lortion of the subject, a concise summary of the weights of wrought and cast 
iron work in the gates is apiiended. 

Tons. 


Wrought iron in the lower gates, including the cast-iron pivot step-piece .. .. 198 

Ditto in the upper gates 128 

Ditt(» in the inner gates, including the sluices 138 

Civst iron in the shutting sills, pivot-crosses, anchors, rollers, roller-paths, 
foundation-plates, &c., and bolts for each pair of gates 59 


The Caisson^ Fig. 2474. — It has been mentioned, in an early part of this artiole that the ancient 
river wall or bank, which is alxiut 5 ft. alKive Trinity high-water mark, protects the marsh from the 
overflow of the river, which rises considerably above the level of the district. This bank, therefore, 
formed a natural dam, behind which tlie formation of the inner works of the lock-chamlier, the 
brickwork of the gates, and the other operations could be carried on ; and outside of which a con- 
siderable portion of the piling and concrete walling could be executed. But in order to ettect the 
junction of the two portions and to complete the entrance works, it was necessary to remove a large 
Quantity of material. This was done first by barrow work, and then, below low-water mark, by 
tjo more tedious operation of dredging. In order that this excavation might proceed simultane- 
ously with the other dock works, it was essential to provide the means for keeping the water out 
of the dock at the time when the river bank was being broken into and carried away. Owing to 
the great width of the entrance, considerable expense and delay would have occurred had a coffer- 
dam been employed, and recourse was therefore had to a caisson. But this differed considerably 
in form from those in general use, and was not employed or handled in the same manner. The 
usual form of a caisson somewhat resembles that of a ship, having inclined stem and stem posts, 
which fit into grooves in the side walls, whilst the keel applies itself at the same time closely 
against a shutting sill. The new caisson. Fig. 2476, which was made of wrought-ircn plates, is 
rectangular in side elevation, the heel-posts being vertical and shaped like those of the gates, so as 
to fit into a hollow quoin as into a kina of rebate. In plan it is like one leaf of the gates, being 
8 ft. wide in the miadle and 2 ft. at each end ; but it is large enough to extend across the span of 
80 ft. between the look walls. Its curvature is not so great as that of the«gates, haying a rise or 
versed sine of only 8 ft. The outer and iniler curves are struck from points in the axis line of the 
look, with rjwiii of 94 ft. 8 in., and 104 ft, resjieotively. The height is 31 ft., which is the same as 
that of the ironwork of the lower gates. . .t xu 

After the minute description tdready given of the gates, it will be unnecessary to enter into the 
Muue detail here, the general etruotund arrangements being similar in both cases. It may snmoo 
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io state that there aro but five horizontal diaphragms^ of which two form the bottom and the top, 
and the three remaining ones are internal. The lowest of these is 4 ft. 1 in. above the bottom, tiie 
next 9 ft. 2 in. above that, then one 10 ft. higher up, leaving a space of 7 ft. 9 in, to the top plate. 
The position of the lowest inner diaphragm is not arbitrary or immaterial. It is placed at a clis* 
tanoe of 4 ft. 1 in. from the bottom in order that the internal capacity or volume, comprised between 
the skins and the diaphragms, shall be equal to that of 25 tons of water. Tho object of this will 
appear presently. The diaphragms are connected by angle-irons, 3 in. by 3 in. in section, to the 
outer skins, which vary in thickness, fivin ^ in. at bottom to J in. at the top. The lengths of the 
plates are disposed horizontally, ditlering in this respect frt)m the gates. In width they incressa 
regularly from 2 ft. at the bottom to 2 ft. 7 in. at the top. Tho internal horizontal joints, except 
where there are diaphragms, are cvivered by X-irons, weighing 13 lbs. |>or foot. Tho vertical end- 
joints are covered, both on the inside and on tho outside, with strips. The X -irons are strutted 
across at intervals of 4 ft. by similar X-iJ'ons, triangular gusset-plates being intriHluccd at the ends 
to give more rivet-hold and stiffness. 

The caisson is also divided by two vertical diaphragms into three compartments, as in tho case 
of a leaf of the gates. It lias hecl-i^sts like tho gates, and a lining piece of crt'osotcd Momel 
timber to meet tho shutting sill. This timber, having to carry tlio weight of the caisson, is made 
of full scantling 15 in. square. It is also provideil near the bottom with two rectangular sluicM^s ; 
one 3 ft. 9 in. long and 9 in. high, allowing the water to pass through the gate to fill tho dock ; 
and the other 10 in. square, opening on the concave side to admit water into the l)ottom compart- 
ment, already described as having a capacity for 25 tons of water. A three-thiow pum)), the work- 
ing barrels being 4| in. in diameter and 12 in. stroke, is provided for emptying this compartment, 
and with the sluices is worked by gearing from the top. 

Tho caisson quoins are of Duke’s Quarry stone. They are placed in tho brickwork of tho sido 
walls, where they begin to rake back from tho perpendicular to meet the batter of the piling. Tho 
sill against which the timber liner shuts is of the same stone. The caisson itself rests on tho heads 
of the piles which surround and enclose the brick platforms, and which are here driven in a curve 
corresponding to that of the caisson. 

In order to understand the working of tho cai>son, 
it is necessary to observe tho distribution of the dis- 
placement spaces in the interior. Fig. 2477. Tiie 
lower one of 25 tons has been already jwintcd out. 

Above this, the vertical diaphragms divide the re- 
mainder into three sfmces, the middle one having a 
capacity for 25*7 tons of water, and tho two outer ones 
for 44 • (38 tons each. Of these, the two last mentioned 
are kept empty. The middle one has a|x;rture8 on 
the convex side so that water can freely enter the in- 
terior witiiout passing through. The lower one is 
provided with special apparatus for filling or emptying 
at pleasure. The weight of the caisson being al>ont 

90 tons, if the water is pumped out of the bottom, the displacement will stand thus ; — 


Tims. 

Bottom 25*00 

Bight compartment 44*68 

Left „ 44*68 


Total 114*36 


This gives a floating power above tho weight of the caisson of 24*36 tons, when it would float 
with the convex side downwards in a nearly horizontal position. If the small sluice was optmed 
water would enter the bottom compartment, causing the caisson to tilt over, and gradually to assume 
a vertical position. During this time it could be drawn towards its place, and the heel-jioBts corning 
in contact with the quoins, the caisson could be guided into its projKjr position. If this opcratirm 
was performed at tho time of high tide, when there is a depth of 28 ft. of water on the sill, tlie 
lower compartment being full and the caisson in a vertical position, tho displaccmient of tho two 
side compartments would be diminished h) 39*8 tons each, or 79*6 tons together; so that in this 
case the caisson would press tho bottom with a load of 10*4 tons. 

It will be seen that a caisson of this construction rer]uires to get it out of its place only such a 
depth of water as will just float it, and as sorm as it is free from the quoins it can be timu^d on its 
side, when it will present little surface to the wind, bo quite stable in management, and not draw- 
ing more than 4 ft. water, can be readily moved from place to place. 

In employing the caisson at the entrance to tho Victoria Ihxjks, the prccautirm was taken to 
put timber struts against the inside from sills l>edded temporarily in the brickwork. A bed of clay 
pnddle about 6 ft. high was also placed on the outside. No indication of weakness whs observeci, 
nor was there any leakage, the caisson doing its work perfectly. The greatest strain on the bottom 
section, with the entire head of 81 ft. of water, amounts to 86*5 tons per foot of depth, and such a 
sectional area is provided, exclusive of the bottom diaphragm, that the strain does not exceed 
4} tons per square inch. 

Cinualties . — The casualties which occurred during the construction and subsequent to tho open- 
ing of the docks, with the means adopted for remedying them and preventing their recurrenoe, will 
now be noticed. 

Fracture of the Shuttififf Sill , — The earliest of these casualties, which was in fact but of 
importance, was the fracture of the shutting sill. The cast-iron shutting sill, as Inffoi c stutod, is 
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nH only bolted down to fbundation-plateB, set in the brickwork, but is firmly oonneeted, at eadi 
end, with the pivot-crosses, which are built into the heavy side walls. It will readily be inferred 
that the side walls, and with them the pivot-crosses, would settle to a greater extent than the com- 
Mratively light brick platform between them, and with it the corresponding portion of the sill. 
Such was found to be the case ; for soon after the side walls were finished, the pivot-crosses were 
carried down about 1^ in. on each side, while there was little or no subsidence of the sill in the 
centre. In consequence of this unequal pressure, the shutting sill was cracked about 3 ft. from the 
mitre; but t)ie opening being very slight, the defect was readily repaired by bolting a plate of 
wrought iron at the back. This accident, slight as it is, points out the importance of guarding as 
much as possible against the efiects of unequal loading, especially where cast iron is employed, in 
connection with brickwork or masonry. It suggests also the obvious expedient of allowing the 
side walls to settle before the holding-down bolts of the sill arc finally tightened up. 

Sufmdeiice of the Side Wails of the Lock-Chamber. — This casualty was of a more serious character, 
involving the cast-iron and concrete walls of the lock-chambcr. It occurred on Sunday, the 17th 
of Juno, li<55, at a peruxl when great progress had been made with the works, — for the upper 
and lower gates had bc^en lifted into their places, the caisson was nearly completed, the copings on 
the wharf were being laid, the bottom of the large dock was puddled, and, indeed, the removal of the 
river bank and the dredging at the entrance were the principal operations that remained to be 
done. There had been no symptoms of weakness, nor any premonition of what was about to take 
place, except that on the previous day some joints in the coping on the south side were observed to 
be a little open, but to so slight an extent that the circumstance was not reported. The next day, 
however, in the afternoon, the portion of the north side lying between the brickwork of the upper 
and lower gates began to give way, moving forward Ixxlily into the lock, pushing up the thick 
puddle towards the centre, Ijcnding and breaking the tie-bars behind, and dragging the tie-piles 
forward, and in some instances breaking them olT. A few hours afterwards the south side failed 
in the same way; but the brick side walls and platforms remained wholly unaffected, the moat 
careful observation failing to discover any movement in them. 

It being Sunday, some time elapsed before any men could be collected. They were first set to 
work to drag off the copings, and to lighten the earthwork Ixshind. The most energetic measures 
were then adojited for reinstating the walls, and for this puriK>8e the old concrete was cleared away 
from behind, and the iron piling was driven to a depth of 10 ft. lower than previously, the sheet- 
piles entering 5 ft. into the clay. A solid concrete wall was then commenced, at a depth of about 
3 ft. in the clay, which was carried up for a height of 18 ft., with a thickness averaging 18 ft. 
Above this levcd, the thickness was rtnluced to 10 ft., with counterforts 6 ft. square at intervals of 
10 ft. The.se counterforts were carried up nearly to the toj) of the piles. On this concrete wall 
there was built a brick wall, averaging 4 ft. G in. in thickness and 10 ft. high, with counterforts 
at the back 3 ft. 8<juare, corresponding in iK>8ition to those of the concrete below. On the top of 
this wall the coping of the wharf was plac^id. The pik's were tied back by the rods passing 
through the concrete and securc<l to cast-iron plates screwed uj) tight against the back of the con- 
crete wall. The whole of the clay puddle in the iKdtom was taken out and replaced by concrete 
with a top layer of Portland cement concrete G in. in thickness. This work was completed by 
the 21 st September following, or in a little more than three months. Considering the number of 
piles that had to be re-tlrivtm, and the quantity of material to be moved and replaced, it must be 
admitted tliat the work was expeditiou-dy executed. 

A failure, fK’curring so suddenly and on so large a scale, and appearing to l>e the result of an 
extendiMl and powerful agtmcy, tlemands some attempt at explanation. This will be better under- 
st(K)d, after some pndiminary observations. Ever since the commencement of the works, in the 
middle of the year 1833, the great punqis had been worked night and day. These were situated 
to the roar of tlu‘. nortli wall of the lock-chamber, between the upper and lower gates, and at no 
great distance from them. They drained the water down to the level of the floor of the lock, the 
additional doptli rwiuired for getting in the lowrer brickwork being kept free from water by means 
of a pr>rtablc engine, lifting into tlie sump of the large pumps. As this operation had been going 
on uninterruptedly for two years, during which time a large excavation, to a depth of 16 ft. below 
tlio levid of the marsh, was in progress, the surrounding country was gradusdly drained of its 
land water, for a considerable distance, in all directions. In corroboration of this remark, it may 
be stated that the water in a well situated in East Ham parish, more than two miles and a quarter 
from the docks in a direct line, was much lowered while the works were in progress, but it 
recovered its level when they were completed. At the time of the accident the pumping had 
be< n discontinued for some weeks, in order to allow water to collect in the dock to a depth of 8 ft., 
to tost the clay puddle ; but it was excluded from the lock-chamber by a temporary stank. It 
would result from the fact of the gnumd gradually recovering the charge of water which had 
been draineil from it, that additional pressure would be brought upon the back of the lock walls, 
and under disadvantageous circumstances; for while, in ordinary cases, where there is a possibility 
of water collecting behind a wall, provision is made for letting it escape, here, from the nature of 
the case, this was imjaissibk?, ami its effect was in conseipiencc aggravated. The substitution 
of clay puddle for the gravel at the bottom, was to a certain extent an evil, as the walls were 
thereby deprived of weight at the foot, the tendency of which would have been to prevent forward 
motion. A further confirmation of the opinion that the failure resulteil from the action of 
accumulated water, is suggested by the fact that the movement of the two sides was nearly 
simultaneous. 

Fracture of the Pivot- Cast ituf . — This occurred to two out of the four gates of the entrance lock, 
and it was some time before the true cause of the failure was discovered. This casting, which is 
bolted to the under-side of the gate, has been described as having a box, or rocep, of an octagonal 
form, to contain the pivot-brass. It was found, in each case, that tlie same adjacent sides of the 
box had given way, namely, those between the brass and the hollow quoin, and between the brass 
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and fhe shutting sill respootively. It is alsoneoessary to state that in fitting the heel and the mUfa/ 
posts, it was considered desirable to make allowance for some shrinking and oompiession of the 
wo(^ Provision to the extent of ^ of an inch, in the length of the two leaves, was therefore 
made ; but experience showed that this was more than was required. As the mitre-post could 
not be easily reduced, so as to permit the timber sill 
to be brought into perfectly close contact with the 
iron one, a lining piece of thick flamiel was secured 
to the former by copper nails, to make the Joints 
water-tight. When the first fracture occurred, it was 
attributed to some irregular or undue thickness of 
this lining near the heel-post, or to the accidental 
interposition of a hard substance between the timber 
and the iron sills. A portion of the flannel was there- 
fore removed, and diligent search was made for any 
iron bar, ch^n, hard wood, or stone, which might 
by pomibility haye occasioned the mischief, but with- pia„ the under-siiie of the piyot-piece, showing 
out success. The broken box was repaired, as shown the cast-iron fish and the broken portions, 
in Fig. 2478, by bolting on a cast-iron fish-piece te 

one of the side flanges of the pivot-piece, which was conveniently situated for the purpMe. This 
operation of drilling three holes, f of an inch in diameter, through a thickness of 2| in. of cast 
iron, under water, and of bolting on the fish-piece, was accomplished by a diver in about five hours. 

Notwithstanding every precaution, the fiah-piecos were frequently broken, and it became evident 
that the true solution of the problem had not been discovered. The nokh upper gate having 
proved the most troublesome, and its pivot-casting having been further damaged by the use of a 
wrought-iron fish-piece, it was resolved to float the gate in order to investigate more closely and to 
replace the casting by a wrought-iron step-piece. From the appearance of the brass it was evident 
that it had been subjected to great pressure. In con 80 ()uenco of tho radius of curvature of its in- 
ternal surface having been erroneously made somewhat less than that of the pivot, the pressure, 
instead of being distributed over the whole area of the step, wais found to be restricted to a com- 
paratively small annular portion situated near its circumference. Tho corresponding surface of the 
brass may be considered as a portion of a hollow cone, which would aggravate the effect of the 
pressure according to the disparity of the two curvatures, the ultimate result being that the brass 
seized or adhered to the pivot to such an extent that tiie gate turned upon the brass instead of upon 
the pivot, breaking away the walls of the box in the effort to free itsdf. The great weight on the 
pivot is accounted for by the fact that, owing to tho leakage through the bolt-holes of the heel and 
mitre posts, and through some portions of the gates, the calking of which was mot complete at first, 
the gates were frequently nearly full of water. In tho case of tho lower gates, the points of sup- 
port, namely, the pivot and the roller, were sustaining from 40 to 45 tons each, instead of 12 or 
15 tons, the working load which each was intended to carry. The leakage was soon remedied, and 
the gates then having a proper amount of flotation, no fracture from this cause has since occurred. 

It must be borne in mind that hydraulic machinery was employed from tho first to open and 
shut the gates, and although a great additional power must have been required to open tne gates 
when this seizing had taken place, a resistance represented by the force required to break down so 
large a section of cast iron, there were no ready means of measuring its amount or even of detecting 
its existence. If manual labour, at a crab, had been made use of, the resistance and tho remedy 
would have been speedily discovered. It is, perhaps, worthy of consideration whether it would not 
be the most prudent course, in cases of this kind, to resort at the outset to a temporary exfKidicut 
similar to the one alluded to, and when the true working rtfyime has been ascertained to revert Uy 
the permanent arrangement. 

There has been one instance of a fish-piece being fractured in consequence of a largo fender, 
through carelessness, being lodged between the gate and tho sill near the hetd-post while the gates 
were being rapidly closed. To avoid such a contingency, the sill might be formed like an invert, 
the heel-posts being thereby raised several feet amve the floor of the lock-chamber, ttien any 
obstruction calcnla^ to do injury would have a tendency to fall towards the mitre-posts, where, if 
it were interposed between the gate and the shutting sill, it would be quite harmless. 

Afyrasion and Splitting of the kdler^Path , — This occurred at the lower gates only, and was a direct 
and intelligible result of the weight of the gates, cause<l by the Icakitge just mentioned, in conse- 
qu^ce of which the load the path had to sustain was for a time three or four times tho weight 
which it was intended to bear. The new path was made 7 in. instead of 4^ in. in width, and in 
substituting this for the former one by means of divers, great facilities were afforded by tho hard 
wood timber sill, for ensuring the accurate level and the adjustment of the several lengths. 

On the Cmetryctvm of the Jetties . — In the early part of this paper the jetties were incidentally 
noticed, and their nnmTOr, situation, and general dimensions were briefly pointed out. It is now 
necessary to describe the mode of constructing the quay walls, and to give some other particulars 
relating to this portion of the works. 

In general for^ Figs. 2479 to 2483, each jetty is a parallelogram, 140 ft. in width for a length 
of 497 it., and having a pointed or wedge-shaped termination, the sides of which are each 109 ft. 0 in. 
long, and inclined to one another at an angle of 80®. The total length of each jetty is 581 ft., and 
the level of the quay varies from 6 ft. to 9 ft. above Trinity high-water mark, according to the 
situation of the jetty in the dock. 

A warehouse, comprising an upper floor, ground floor, and vaults underneath, nearly approach- 
ing an acre in extent each, occupies a length of 500 ft. and a breadth of 80 ft, out of the entiie width 
of the jetty, leaving a space 80 ft. wide on each side to the edge of fhe quay, for the railway, sidings, 
and the temporary storage of eoods. In order to afford facilities for the discharge and arrangement 
of goods, each jetty is provided with nine hydraulic cranes. One, capable of lifting 5 toii\ with a 
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range of 81 ft. beyond the quaj^ is placed at the pointed 
end, and eight others lifting 2 tons each are disposed in 
pairs at convenient distances along the sides. One crane 
m each pair is fixed near the edge of the quay, with a 
sweep outwards of from 21 to 23 ft., and the other is 
placed against the outside wall of the warehouse, for the 
purpose of removing goods to or from the upper floor or 
the vaults beneath as may be required, feidings and 
turn-tables are also provide at the rear of the jetties, for 
the purpose of collecting or distributing the wagons on 
the line of railway leading to and from the docks. 

The side walls, which are vertical, consist of cast-iron 
piles, driven 7 ft. apart from centre to centre, and upright 
inverted walls of brickwork, 14 in. thick, filled in between 
the piles, and set in Roman cement mortar. The concave 
surface of the invert, which has a versed sine of 12 in., 
is external, or in contact with the water of the dock ; 
while the convex, or inner surface, is backed with con- 
crete, and boliind this with clay. The piles, which are 
“T-shaped in section, arc 3.5 ft. long, 12 in. wide on the 
face, and, averaging IJ in. thickness of metal, w’cigh 
about 1^ ton each. They are connecttHl, in pairs, ncr<ms 
the width of 1 40 ft., by two tiers of horizontal tie-bars, 
2 in. in diameter, and fixed to the back feathers of the 
piles, wdiich are 18 in. deep, by mcfliis of eye-bolts fur- 
nished with a screw, by wJiich the piles can be adjusted 
so as to be exactly in line. The upper and lower tie-bars 
are fixo<l at depths of 5 ft. and 17 ft. below the lieads of 
the idles, which are thus prevented from being forced 
outward by the pressure of the earth bc‘hind them. The 
piles are driven to a depth of 28 ft. below Trinity high- 
water mark, entering the gravel 2 ft. below the clay- 

S iiddh; lining of tlie dock, an<l, as this is 2 ft. thick, to a 
epth of 4 ft. below the finished surface of the bottom of 
the dock. The brickwork is coram(*nc( d at a depth of 
23 ft. b(‘low Trinity high-water mark, or 1 ft. alx)ve the 
l>ottom of the dock, and is laid on concrete 3 ft. in thick- 
ness. The conercte wall is carried up behind the brick- 
work, with an average thickness of 3 ft. (5 in. The back 
of the concrete wall is made straight and vertical, and 
against this the clay backing is filled in. The i)ointed 
extremity of the jetty is not formed with an angle-pile, 
but by filling one bay with curved cast-iron plates, backed 
with a mass of concrete. This not only serves the pur- 
pose of re.si8ting the heavy blows to which tins part of 
the work is expose<l, but also forms a solid foundation for 
the 5-ton crane, which has been already mentioned. The 
tf>p of the wall is covered with a cast-iron capping, bolted 
down to the heads of the piles, and linishc<i off w ith a 
timber sill. The upper surface of the jetty, not occupied 
by the w’arehouse, is ballasted, and some |X)rtions of it, 
adjacent to the cnlge of the quay, is covered with plank- 
ing. In order to prevent the pas.stige of water from the 
dfxjk under the walls, the elny puddle was brought up on 
the outside to a height of 5 or (> ft. against the piles and 
brickwork, so as to fill up the angle formed by the verti- 
cal face with the floor of the dock. 

It may be iiitorestiug to notice a circumstance which 
ooourre^d soon after the w^ater had been let into the dock, 
and which appeared to indicate at the time that the 
walls were not im{>erviou8, notwithstanding the precau- 
tio IS taken to render them so. It will be observed. Fig. 
2482, that the floor of the vaults under the warehouse is 
about 2 ft, 6 in. above the level of the marsh, and tliero- 
Ibre 6 ft. below that of the water in the dock, when stand- 
ing at Trinity high-water mark. It was found, soon after 
the water had rii^n to that level, that it appeared in the 
vaults to an extern which unfitted them for the purjio8e| 
for which they were designed, the effect Ixnng aggravated 
at spring tides. It was thought that the water must have 
come from the dock, either by direct leakage through 
the walls, by passing under them, or down the piles into 
the gravel below, and thence upwards again into the 
vaults. In order to obviate the inconvenience arising 
from it, pipes were laid beneath the floors against the 
side walls as low as possible, but retaining a good fall 
into the marsh drain ; and careful observations of the 
quantities of water discharged bv them were made from 
tUne to time. It soon became evident, however, that the 
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*^t 6 T differed in oharaoter from that of the dock, by its containing mneh iron, which was de)>06ited 
in the form of a rusty mud at the mouths of the drains, and that the quantity sensibly diminished. 
From these facts it was inferred that the water came from the gravel, rising, on the discontinuance 
of the pumping, to the general level of the district, which experiments showed to be within a few 
inches of the surface. In the case of the vaults the water found its way up the concrete walls, 
which, resting on the gravel, formed the foundation of the walls of the warehouse. The dis- 
clifirgo from the drains is now slight, and is apparently independent of the rise of tide. This is 
probably due, i)artiy to the consolidation of the ground against the concrete walls, and partly to 
the gradual silting up of the prous materials by the rusty deposit. This explanation has recently 
received a singular confirmation from the fact that, while the foundations were being put in for a 
war(*house, which has just been erected on the level of the marsh on the north side, and the water- 
level in the excavation was temix)fariiy lowered by pumping, no water escaped by the drain from 
a neighl>ouring jetty ; but shortly after the pumping was discontinued the discharge from the vault 
was ro-establishod. 



Wharf Plates. 

Advantafje of the Cylindrical Form of Loch Gates , — Some advantages of the cylindrical form of 
lo'^k gates, or gates of continuous curvature, with respect to economy of material and arrangement 
ol parts, will now be pointed out. 

By the tenn “ cylindrical gates or gates of continnous curvature,” adopted for the purp^ of dis- 
tinguishing them from gates formed like a Gothic arch, a common and useful modification of the 
straight gates, it is intended to denote that the two leaves constituting the pair form a portion of a 
cylindrical ring, the outer or convex curve being the arc of a circle, extenaing from one heel-post 
to the other, atid therefore continuous, while the inner curv e is concentric with the former or nearly 
so. It is in the case of gates of large span that it is found advantageous to modify the form of the 
inner curve so as to reduce the thickness or distance between the skins of each leaf from its centre 
to the heel and mitre posts, in order to restrict the dimensions of the timber in these places. For 
this purpose two arcs are struck, one for each leaf, from centres which are near to each other, and 
with r adii, which, while giving the proper thickness in the middle, secure, at the same time, the 
required diminution towaras the ends. In this case, therefore, the inner o irves would form a slight 
angle or mitre. In comparing this mode of construction with that of the straight-leaved gates, 
meeting at an angle, it is not intended to claim any advantage, either with regard to the amount 
of the strain brought upon the lock walls, or to the direction of it : for with the same rise and span 
the amount and direction of this thrust will be the same. Tins is not the case with the sections, 
and consequently the weights of the gates: for a considerable, not to say enormous saving, will be 
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found in favour of the oylindrical form of gato, even within the limits of the ratios of rise to spaUf' 
assigned by every-day experience. 

Before proceeding to exhibit this saving by actual examples, and in a numerical form, a few 
remarks on the strains to which these structures are exposed, and the mode of calculating them, 
will be advisable. In the case of the cylindrical gate, the pressure of the water being supposed to 
act on the convex side will be proportional to the depth, and in a direction normal to the surface. 
It will induce a strain on the gate wholly compressive, so long as it retains its true form, and it will 
be uniform on every radial section in the same horizontal plane. The amount of this strain has 
been shown by Barlow to bo the pressure on the unit of surface, multiplied by the radius of curva- 
ture. This affords an easy method of calculating the section required to resist this strain at any 
given depth. 

In the case of straight gates, however, there arc two distinct strains to bo considered ; first, a 
transverse strain, arising from the pressure of the water at right angles to tho surface, and similar 
to that on a girder uniformly loaded ; and secondly, a compressive strain in tho direction of its 
length, produced by tho pressure of the other leaf on its extremity. 

The transverse strain may be considered to arise from a central pressure, equal to half the dis- 
tributed pressure on the leaf, and calculatetl as in the case of a girder; while tin? compressive strain 
is equal to this central pressure, multiplied by the cotangent of the angle bt'tween tho gate and 
the chord line, at the hecl-j>o8t, or by the tangent of half the angle at tli(» vertex. Hence, if the 
angle at the vertex is 90^, the otimpressive strain is equal to the central pn'ssiire on the opfK)sito 
leaf; if the angle is about 127°, or the ratio of the rise to tho span is 1 to 4, as in the gates of tho 
Victoria Docks, the compression is twice tho central pressure; while in nn extreme case, though an 
actual example, that of the ancient lock of Sparudam, wdicre the angle is about IbaJ", and the rise 
is ^ of the span, the compressive strain is eight times the central pressure, or four times tho total 
pressure, distributed over the opposite leaf. lu calculating the strength of straight gab's, a section 
must be provided, which is sufficient not merely to resist the compressing and extending stmins 
brought on the outside and inside skins respectively by the presHiirt‘of the water, but alsotlie com- 
pressive strain due to the other leaf, a strain which has been shown to be considerable in amount, 
even in cases falling under ordinary observation. 

The next consideration is how and in what proportion the compressive strain due to one loaf is 
distributed through tho skins. This, it is evident, cannot be determined accurabdy, for while on 
the one hand the effect of deflection might be to relieve the outer skin of a portion of its share of 
the work; on the other hand, the action of the hollow quoin, and the practice of making tlie joint 
of the meeting posts tight at the shutting sill and easing it upwards, w’ould tend to increast* tho 
duty on the outer skin. It may be sufficient for the present purj^sc to assume that it is equally 
divided, half going to increase the compressive strain on the outer skin, and half to counteract or 
neutralize the extension strain of the inner skin, an assumption which, at any rate, is in favour of 
the straight gate. 

For the purf»ose of comparing the quantity of material required under the two modes of con- 
struction for accomplishing the same objiK^t, it will l>e convenient to take three cases; — 

First, that in which the ratio of the heiglit or the versed sine to the span is sinall, say 1 to 10. 

Second, that in which the ratio is intermi'diab' between the extrem(;s, say 1 to fl. 

Third, that in which the ratio is large, say 1 to 4, as in the case of the gates of tho Victoria 
Docks. 

Since the pressure of the water varies with tho depth, it will be convenient in every casc^ to 
consider a portion or element of the gate only temnded by two horizontal planrs 1 ft. apart, and 
immersed at such a depth that the pre.ssure per unit of surface = 1, .say 1 ton a mpiare foot. In each 
case the span will be taken os equal to 80 ft., aud the thickness of the gate, or distance between 
the skins, as 3 ft. 

In the first example, that of the straight gate, the rise being ^ of tho span, or equal to 8 ft., 
the transverse strain in the centre of one leaf due to the })ressure iijKai it will be TrSO tons, «;ither 
of compression or extension. Consequently, the sectirm b> be pr(;vidcd, allowing 4 tons to the s<iuaro 
inch for compression, and 5 tons {)er inch for extensiun, must he 


(J9-3 
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17*3 sfj. in. on tho compressed side. 


- - A.. 


extended side. 


In this case the tangent of the half angle at the vertex is 5 ; hence the compressive strain is twice 
and a half the distributed pressure on the other leaf, or 40*78 x 2J = 102 tons. Then adding half 
of this, or 51, to the 69 *3 representing the compression due to transverse strain, and deducting it 
from the same quantity, representing the extension due to the same strain, two quantities result, 

namely, which divided respectively by give for the areas of tho compressed and 

extended sides respectively, making in tho aggregate 33*8 sq. in. C/eiitro section. It must bo 
remarked that this assumption, tliat half the compression may be regarded as counteracting tho 
extension on the inner or extended side of the gate, could not in all cases with prudence be actixi 
upon, for in many instances the thickness of the plates would l)c reduced to an impracticable extent 
or so as to induce other inconveniences. It is a question whether the whole oi tho compressive 
strain may not at times be borne by the compressed section, and if so a much larger nggn'gato 
section than that stated above would be rf*quired, in fact it would entail an afhlition of nearly 
70 per cent. The truth probably lies iKdwecn the two. At the present time, that OMSuriiption is 
employed which is most favourable to the straight gete; and the wide difference in the results, 
according to the view taken, is stated as another illustration of the groat iiaportauco of taking this 
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oompressive strain into aoconnt, in calculating the section and consequently the weight required. 
The section just obtained is the centre or maximum section. Before a correct comparison can be 
made with the cyliudrical gate, the mean section must be arrived at. To do this it must be recol- 
lected that at the ends, where in a girder, speaking theoretically, the B(^xd:ion of the flanges is 
vanishing, a lock gate must always have section enough to resist this compressive strain, and so of 
every other section. Hence, if 102 tons be the compressive strain, and reckoning 4 tons per square 
inch, there must be 25*5 sq. in., which with a centre section of 33*8 will give a mean section of 
88 * 8 4- 25 * 5 

= 29*6 sq. in. This multiplied by the length 40*78 of the gate = 1207, which repre- 


sents the quantity of material, or weight in the clement, or portion under consideration. 

In the cylindrical gate the mean section can be calculated from the compressive strain, which is 
equal to the pressure per unit of surface (in this case, as in the former, taken at 1 ton a square foot) 
multiplied by the radius of curvature. The radius of curvature for the arc of a circle whose height 
is 8 ft., and base or chord lino 80 ft., is 104 ft., and reckoning 4 tons an inch for compression, the 
104 

section required is — = 26 in., which is also the mean section. This multiplied by 41*02, the 


length of the arc representing one leaf = 1066, which represents the quantity of material or weight 
in tlie element of the leaf. 

The quantities, therefore, stand thus ; — 


1207 in the straight gate, 
1066 in the cylindrical gate, 


the latter exhibiting a saving of more than 11 J per cent. 

In this case the ratio of the height or the versed sine to the span is small, and is less favourable 
to tlie cylindrical gate than in the following examples. The calculation is given with some detail, 
that the mode of c/^nducting it and the assumptions may be clearly understood ; but as the same 
method has b<*cn followed in the succeeding cases, the results may be more summarily stated. 

In the second example, in which the ratio of the height to the span is 1 to 6, the span being 
80 ft., the height 18*8 ft., and the thickness of the gate, or the distance between the skins, 3 ft., 
there is in the straight gate a transverse strain in the middle of 74*06, and a compressive strain of 
63*25, nsiuiring a mean scetiou of 25*35 sq. in,, the compressive strain being supposed to be 
(M^ually distributed in the two skins. Then 25*35 multiplied by 42*16, the length of the leaf, gives 
l()6y, which represents the quantity of material as l>cforo. In the cylindrical gate, the radius of 
curvature being 66*66 ft., the mean section is 16*66 sq. in., which, multiplied by 42*89, the length 
of the arc, gives 716, representing the quantity of material. The quantities, therefore, are 1069 in 
the straiglit gate, and 715 in the cylindrical gate, the latter showing a saving of 33 per cent. 

In the third example, in which the ratio of the height to the span is 1 to 4, as in the gates of the 
Victoria I ^ocks, the span being 80 ft., the height 20 ft., and the thickness of the gate, as before, 
8 ft. ; there is in the straight gate a transverse strain in the middle of 83, and a compressive strain 
of 44 *7, rM|uiring a mean section of 24 *8 sq. in., which, multiplied by 44*7 the length of the leaf, 
gives 1117 to represent the quantity of material. In the cylindrical gate the radius of curvature 
being 50 ft., the mean section is 12 *5 sq. in., wliich, multiplied by 46*36, the lenj^h of the arc, 
gives 580 to represent the quantity of material. The quantities, therefore, are 1117 in the straight 
gate, and 580 in the cylindrical gate, exhibiting a saving of 48 per cent. 

TIjo following Table contains several additional examples, and exhibits a tolerably complete 
comparison of the quantities under the two points of view, through a progressive change in the 
ratios from 1 to 10, 1 to 9, and so on, to 1 to 2*66. 


Ratio Rise 
to Span. 

Vortical 

Angle. 

Transverse 
Strain in the 
O'litre. 

Compressive 
Strain due 
to Opposite 
Leaf. 

Straight Gate. 

Cylindrical Gate. 

Mean 

Section. 

Quantity of 
Material. 

Mean 

Section. 

Quantity of 
MateriaL 

1 to 10 

o » 

157 22 

69*32 

102 

29*6 

1207 

26 

1066 

9 

154 58 

69*94 

92*3 

28*4 

1164 

23*6 

975 

8 

151 26 

70*82 

82*5 

27*25 

1123 

21*25 

885 

.. 7 

148 10 

72*08 

72*9 

26*25 

1092 

19 


.. 6 

148 8 

74*06 

63*3 

25*3 

1069 

16*66 

715 

.. 5 

186 24 

77*82 

53*8 

24*8 

1011 

14*5 


.. 4 

126 52 1 

88*33 

44*7 

24*9 

1117 

12*5 


.. 3 

112 38 1 

96*27 

36 

26 

1250 

10*8 

652 

,, 2*66 

106 16 

104*15 

33*3 

28 

1400 1 

10*4 

558 


It also shows that this quantity reaches its minimum value in the straight gate when the 
vertical angle is about 136® and in the cylindrical gate when the angle is alwut 112®, corresjwnding 
tc) the ratio of 1 to 8. A still more important fact is, that the absolute minima in the two cases 
differ so considerably that, if the quantity in the straight gate at that limit bo represented by unity, 
the quantity in the cylindrical gate, at its minimum, descends to one-half or thercaliout. 

It is to be observed that, in calculating the mean section of the straight gate, no allowance has 
been made for loss of area by rivet-holes on the extended side, and since, in o^er to ensure the close 
fitting of the plates to render the gates water-tight, the rivets must be placed closer together than 
in ordinary girder-work, a larger provision for oover plates should be made than is usual, the 
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diffiftiiftnnA, whatever it amounts to, being wholly in favour of the oylindrioal gate. Again, the 
horiiontal diaphragms, which correspond to the middle web in a girder, form a lar^ peroentaro 
of the entire weight of the gates, amounting to 17 per cent, of the ^tes of the Victoria Docks. In 
the case of the straight gat^ considered as a girder, it is the practice to neglect the middle web in 
calculating the sections ; but in that of the oylindrioal gate, where the strain is compressive, the 
area of the horizontal diaphragms is clearly admissible, and results in a large advantage if properly 
constructed with a view to this duty. Some advantage might also bo claimed for the arched form 
of the skin plates in resisting pressure, as compared with perfectly flat plates ; but as the deter- 
mination of the strain on the latter due to this is not a simple problem, it will snfiioe to draw 
attention to the circumstance in general terms. 

In the course of the foregoing description of the gates of the Victoria Docks, allusion has been 
incidentally made to another practical advantage of this form in affording greater facility for 
removing the roller, in consequence of its external position. In a straight gate this would not be 
BO conveniently effected, because its proper position is under the gate, and its diameter would also 
be thereby somewhat restricted : while, on tlie other hand, the straight gate possesses the advan- 
tage of permitting a longer shaft to be made use of. 

But a still greater practical advantage, and, next to tlio saving of material, the most imiwrtant 
one arising out of the cylindrical form, is the unifomi thickness of plates in the same horizontal 
section. This, of course, is in consequencxj of the uniform compressive strain on the radial section. 
If the comparison were between two girders only, one having plates thicker in the middle than at 
the ends, and the other with a uniform thickness throughout the lenj^h, there would not be so 
much to remark upon it. It is true that in the case of the ginler with l)ottom or top plates of 
unequal thickness, good workmanship requires the insertion of |mcking strips to ensure the even 
bedding of the angle-irons, but in loclc gates the skins and diaphragms have to be put together so 
as to be water-tight, and every joint has for this pur|K»s€i to lx; covered with strips and to be calked. 
Practical men well know how difficult it is to accomplish this when plates of different thicknesses 
come together. As the pressure upon the gate and, cons€H 4 uently, the section required, diminishes 
from the bottom upwards, the plates are necessarily reduced in thierkness in a vortical direction, but 
they remain constant in the same horizontal plane when disposed in the manner shown in tho 
caisson. Hence the difficulty alluded to has to be contended with in one direction only, and can 
be effectually overcome. But in stmight gates it becomes serioutvand is further complicated with 
the cover plates on the extended sidt*, which would be converted into a species of very wide cover- 
ing strips running in a vertical direction up the gate, and by their thickness unduly adding to the 
weight and to the risk of imperfect jointing. 

It must not, however, V)e concluded that the inconveniences of the cylindrical mode of construc- 
tion have been lost sight of, Xo doubt tho curved work entails additional cost in tho manufacture, 
and should only be entrusted to contractors of experience and reputation. It also to a certain, but 
not to a large extent, diminishes the surface of heel-post in contact with tho hollow ciuoin. It 
likewise, from the curved form and depth of the gate-recess in the side walls, somewhat breaks the 
quay line, and, where the curvature is considerable, renders the application of fenders desirable to 
prevent the concave side of the oi>ened gates from being run into. Mfwt of these are, after all, 
insignificant objections. The first, the cost of workmanship, is more than abundantly covered, by 
the great saving in material shown by even the most unfavonrable example. 

the Tyne Docks at South Shields . — The account that we give of these important docks is taken 
from a paper by T. E. Harrison, given in the Minutes of the Proceedings of the I. C. E., 3rd May, 
1859. 

The docks are constructed on the banks of the river Tyne, at the upper end of South Shields, 
on a large area called Jarrow Slake, which is covered with water at spring tides to a depth of from 
5 ft. to 8 ft.. Fig. 2484. The whole area of this slake, so covered, was about 350 acres, and of this 
quantity, 179 acres are now enclosed by the works of the docks. 

The area of water in tlie dock, as executed, is 50 acres, the depth of tho water being 24 ft. 6 in. 
at an average spring tide. The entrance basin is 9 J acres in extent, with a depth of water of 25 ft. 
for a width of 200 ft. in the centre of the channel, gradually shoaling to the sides. There is one 
entrance 80 ft. in width in the clear, and there is a lock 300 ft. long by 100 ft. wide, with gates 
60 ft. in width in the clear ; tho sills in each cjise are laid 24 ft. 6 in. below high water of an 
average spring tide ; such spring tides having a lift of 14 ft. 6 in. Figs. 2485, 2480, and Figs. 2489 
to 2493, snow these arrangements, and also sections of the locks. From accurate observations taken 
at each tide for two years, it apf>ears that there would only be sixteen days in the year in which a 
vessel, drawing 20 ft. of water, could not go out. 

The contract for the exwution of the whole of the works, as designed by T. E. Harrison, the 
engineer-in-chief, was let to James Gow in June, 1855. The works were commenced in July, 1855. 
The foundation-stone of the masonry of the locks was laid in September, 1856 ; and the water w as 
let into the docks in December, 1858. The first vessel cintereef in January, 1859, and tlie docks 
were formally opened for general traffic on the 3rd of March, 1859. The works were executed under 
the immediate superintendence of Robert Hodgson, resident engineer. 

The total quantity of excavation in the docks was 1,783,452 cub. yds., and in forming the standage 
ground 281,305 cub. yds. The total quantity of masonry of all descriptions was 2,900,000 cub. ft. 
The whole cost of the works up to the date of the opening for public traffic was 440,479/. 9s. id. 
This sum included all the standage and railway approaches, the shipping jetties, the purchase of 
lan^ and all the dock works, but it excluded parliamentary ana otW charges, exclusive of 
engineering. 

The first point of engineering interest is the nature of the foundations. A series of careful 
borings showed that though there was in places a very strong stony clay resting on the coal- 
measures, yet that this clay was only partial, and that it dippra suddenly away. Within a few 
yards of the clay bed, borings were nuMe to a depth in some places of 70 ft and upwards, through 
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the mud or slake deposit, without reaching a solid bottom, showing that not only the clay but the 
coal-measures were gone. 

The first operation in the construction of tho works was to form a large culvert, 5 ft. in diameter, 
round the head of the works. This served to keep the works clear of upland water during their 
execution, and will permanently carrv off* all the land waters. Tho bank F G H, Fig. 2484, was 
then formed, and a small portion of the upper end of tho slake was thus enclosed. With the mate- 
rial excavated from this portion of tho work, which was partly clay and i)artly slake, and also with 
the cliw excavated in fi^rming tho standage ground above, the bank I K L was formed to meet the 
dam ^I N run out from the alkali-works. This dam had al*^ a temporary timber jetty, fitted with 
stcam-cranes, and lines of railway on it, to enable the Jarrow Chemical Company to carry on their 
works during the construction of the docks. After these dams were completed, the water was run 
oflf by sluices, and no difliculty was experienced from water during the execution of the works. 



Shortly after tho first course of masonry of the foundations was laid for the north or 60 ft. lock, 
Fig. 2486, the floor was olwervcd to rise 3 in. very regularly, and forming n point. A bore-hole 
was put down, and on touching the stone head through 7 ft. of hard clay, a strong feeder of water 
oamt‘ away. A pipe was juit into th(‘ hole, and the water rose in it iS ft. above tho level of the 
foundation, rising and fulling alxml 9 in. with th^‘ tide. The height to which the water rose was 
about the level of low water in the river, and it uas clear no j)ermanent injury could result when 
tlie works were comi)lct('d. The l)ore-liolo was, therefore, kept open, and similar holes wore made in 
other places, and allowed to rc'inain open during the juogress of the works, btdng only closed up a 
short time before tho water was let into tho clocks. The flooring of the lock went back mrtially 
after the hole had Ix^en ojKJiied some days. It was then heavily weighted with stone, and nearly 
restored to its original level. The masonry was built on the flooring originally laid, very few 
stones being taken out ; and it has since shown no sign of settlement. 

It was proposed to build a quay wall from P to O. Fig. 2484, opjtosite to the alkali manufactory. 
There being no clay at this part, it was iiitended to have built tho wall on a strong foundation of 
piles, driven down to the stone head. But in forming tho excavation to put in this foundation of 
piling, it was found that the slake would not bear tho weight of tlie biink behind it, unless at a 
slope of 1 to 5. As so flat n slope was inadmissible, the plan adopted for overcoming tho difficulty 
was by weighting the top with gravel, easily obtaine<l from the old ballast hills at South Shields. 
Tho toe of the slope was thus forced out, and it was not an unusual thing to see the whole of the 
rails and wagons on tho top gradmilly sink 10 or 12 ft. in a quarter of an hour; the toe of the 
slope at the same time rising and turning over rails and wagons in all directions. It was not ^til 
150,000 tons of gravel had deposited that tho whole came to a state of rest. The slope is at 
present 1} to 1. It is pitched with stone, and rests at the bottom on a strong row of piles. It can 
now bo easily rendered available for quay purposes by the aid of timber when required. 

^ / .A 
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Elevation and Crosh-section of River Don Timber Wall, IK. 

The cxtf'nt to which the dfx’k is wnllcd is shown on tho plan, 
Fig. 24W4. The foundations of those walls rest in all cases on clay. 
The other 8id(^8 or l>oundarie8 of the dock arc of mud or slake with a 
8lo[H) of I in .'i, partially pitched with stone. The mud or slake forms 
a good puddle, ami can Ih 3 workf'd ver^ readily in dry weather. 
Fortunately the weather was remarkably uno during nearly tho whole 
time of the execution of the works ; had it been otherwise, the com- 
pletion of the works would have lH?en much delayed, and tho con- 
tnw'tor would have been put to additional cost, as a few days’ continu, 
auce of wet weather sulVuted to stop the work of excavation. 

S(‘veml of the timber jetties for tho shipment of coals are founded S 
on this mud or slake. Experiments as to the Iwaring capacity of the ^ 
slnk(‘ were made by putting on the surface a ImhI of concrete 10 ft. 
equan;, ami gradually loading it with iron. The result was, that with 
a hwul of 7 owt. to the superficial foot no settlement took place ; but as 
WH)ii as that weight mxs exceeded the whole began to sink. The foun- 
dations of the Jetties were, therefore, laid on a wide-spread base of 
concrete with timber sills, care being taken not to exceed a pressure of 
5 cwt. to the superficial foot. 

Tlie ix)sition in which tho entrance to the tidal basin is placed 
with reference to tho course of tho river, deserves attention. Tho 
riv(‘r wall, which is constructed of creosoted timber, forms a curve of 
213fi ft. radius. Plans, sections, and elevations of this wall are given 
in Figs. 24114 to 24i»8. Immediately below tho entrance there was a 
bed of hard clay running <mt into tlie river. This has been entirely 
remov«‘<l by dredging, and the flood and ebb tide now take their course 
as nearly as jK)s.sil)lc over the same channel, guided by the concave 
river wall, thus always ensuring a full depth of water opposite tho 
entrance. In the case of tlie Northumberland Docks, which are on the 
opjviHito convex shore of the river, constant dredging is requisite to 
luai.itain the mvessary depth of water at tho entrance. 

The dex'k gates, Figs. 241)9 to 2r)09, may bo noticed very briefly, as 
they are built on tho mothd generally of those of the Victoria (London) 
Docks, which have been already describixl. Tho only point of diftbrenco 
Is tluit tho Tyne Dock gates are curved at tho l^ttom, botli on plan and 
in section, the pivot for tho heel-post being raised 3 ft. 6 in. above tho 
level of the sill. Fig. 2506. This mode of constructing the lock has its 
advantages, as by placing the pivot so high, there is less danger of 
anything lodging behin<i tho heel-i>o8t. The construction of the invert 
of tho lock is likowiso very strong, os it is carried directly through 
from tho end of the |xdntiug sills. It has also its disadvantages, ns it 
involves the necessity for some large and rather intricate masonry ; but 
in this case there was every facility for executing any description of 
stonework. Some little trouble also arises in fiUing accurately tho 
doubly-curved wood sills to the doubly-curved masonry ; but this was 
successfully accomplished, and the sills ore TCrfi‘ctly tight. The altcN 
ation suggested by Kingsbury, in the mode of fixing the heel and 
mitre posts, is an improvement; as some little difficulty was expe- 
rienced in making tho gates water-tight at those points to ensure 
flotation. As soon as the gates were sufficiently advanced, they were 




Longitudinal Section through centre of 80 It, Lock, 




1268 


DOCK. 


their flotation, the weight on the rollers may be adjusted at pleasure. Instances are not wantiil^ 
in gates with a large proportion of cast iron in them, where the rollers had to be renewed within 
a few years, owing to the great weight on the rollers, and the consequent rapid destruction of 
them. TJie expense of these renewals has often been very serious. 

The sluices are all made to work with brass against brass. The sluices at Hartlepool were so 
constructed by Rennie, and on examination a short time ago tliey were found to be perfect. On 
the other iiand, the sluii'es at the Monkwciu’mouth Dock, where brass worked on iron, wore com- 
pletely destroyed ui'ter being in use about eighteen years. 



(’l*OaS-S«‘(*ti»»Il (' \), 
2492. 



Cross-section G H. 

The dock gates and sluices are arranged to }>e worked either >)y hand or by liydninlic power. 
Where hydraulic powf'r is iise<l for doerk gates or for sluices, it is essential h) have tiie pcjwor ol 
working by hand when required ; and circumstances have already arisen showing the neccjssity for 
the occasicmal use of hand-power. 

As a large quantity of muriatic acid was constantly discharged from the alkali-works during 
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thi oonstruotion of the docks, the tidal water was allowed to flow in a canal as far up the face of 
the alkali-works as the point where the acid was discharged. In order to provide for the perma- 
nent discWge of this acid, a large tank capable of holding 10,000 gallons of water, formed of 
creosoted timber, has been constructed at the end of the discharge pipes from the works. From 
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this tank, fireclay piix*8 boiled in creosote 
are laid to the e<lge of the (luay of tlie 
d<«k basin, and from tlieiice to the jwdiit 
of discharge, 2 ft. lu low the le vel of low 
water in the bed of the, river, square 
boxes of airefuJIy-ereo-soted timber are 
laid. Many experiments were inadi* 
during the progress of the works to as- 
certain what would best r<*8ist the de- 
structive aetion of tlu^ muriatic acid, and 
nothing was found to bo more siieoessful 
than tiu* plan adopted. 'I’lie »\ei»l i)eiug 
now discharged on the ebb tide, is curried 
away in so dilutid a shih' ns not to pro- 
duce any injurious etfeets. 

/. branch line of railway is laid down 
to tue level of the d(K*k quay, and all 
round the <lo(*ks, in order bi afl'ord facili- 
ties far any description of tratfio. 

The primary object of the construc- 
tion of the Tyne Docks was to pnnddo 
accommodation for tlio sliipment of the 
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large quantity of cmls brought to South Sliields from the coal-fields of Durham and Northumber- 
land. 

The coni trade of the northern oonl-ficlds has been gradually inerensing for many years past. 
The quantity of eoals shipped in tlie river T>me in the year 1858 amonnW to 4,181,000 tons, of 
this amount, 1,208,524 tons, or nearly 2U percent., were shinped by tin* North-Eastern Railway 0<im- 
|>any at South Hliields. Th(» total quantity of coals shipiH*d at alfthe north-eastern iiorts in the year 
1858, between tlie Blyth and the 'J’ees, wiis 0,80l),r>00 tons ; of this amount, 8,005,785 tons, or rather 
more than 80 |)er cent,, were shipiwd at Shields, Sunderland, and UarlUqiool, by the North-Eastern 
Hallway Company. The facilities for shipping at South Shields at the oxiinmand of the North- 
Kasteru liailway Company, have for some time been so limited, that it has been necessary to work 
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night and day thionghont the whole year : and even then the reqniremente of the trade oonld ifot 
be satisfied. 

As the method of shipping coals has undergone many changes during the last forty-seven years, 
it may not be uninteresting to give a brief account of the various modifications which have been 


For many years on the Wear, and in those cases on the Tjme in which the vessels could not he 
loaded direct from the colliery railway, the coals were brouglit down to the edge of the river in 
wagons, and there put into keels, which were broad, flat-bottomed barges, each containing a keel 
of coals, or 8 Newcastle chaldrons, or 21 tons 4 cwt 



On the river Tyne there were many collieries having communication by railways to shipping 
places where vessels could load, as in the cuse of the Walls-End Colliery. Tlio mode of shipment 
was by spouts, in their general principles similar to those adojded at the Tyne Docks ; but without, 
for a long time, any arrangement for meeting the difference in the level of the tide and in the size of 
tl»e vessel. When keels were used, the wwils were brought down in them to whore the vessel lay 
in the river ; and they were then cast into the vessel, through the port-hole, by the kcolmon. Thia 
system still exists, to a limited extent on both riven, in the case of those collieries not having the 
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nftans of direct railway communication to a place of shipment. When in full operation, before the 
gen( 3 ra] introduction of railways, this system gave employment to a remarkably fine body of men 
known as koelinen. 

The first innovation on the spout system took place in the year 1812, when a coal-drop was 
erected at Pelaw Main Spout, on the river Tyne, by Benjamin Thompson, and further improved 
by him in 1813. Tlie principle of this mode of shipping coals had been previously patented by 
William Chapman, of Newcastle. The drops, as erected by him in 1813, have been generally 
followed, with various modifications. The principle of all these drops is, that the loaded wagon 
in its descent raises a counterbalance weight, and when the coals are let out of the wagon, the 
counter1)alanco weight brings the wagon back to its previous position, the whole being under the 
control of powerful brakes. 


2504. 2505. 
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The first change on the keel system took place on the river Wear in the year 1817, when, in 
order to avoid the breakage to which tlie coals were subject by transhipment first to the keel and 
then from the keel to the ship, a system of tuba fitted into the keels was invented by William Bell. 
The chaldron wagons were lowered immediately over the keel, and then dropped into the tubs. 
The tubs were then cx)nvoyed in the keels to Sunderland, and transferred by the machinery to the 
vessel. This system of machinery was invented and constnicted by Burlinson, of Sunderland, in 
the year 1817, who also, in 1825, erected the machinery which is still at work at Sunderland. 
William Chapman also invented a floating barge, which was fitted with a steam-engine and 
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machinery, by which the tubs were transferred from the keel to the ship. This was used for soke 
time, but it was found to bo very unwieldy, and was therefore superseded by the fixed machinery 
on land. 

In determining the srstem to be adopted in the Tyne Docks, the question lay between drops, 
by which the wagon would be lowered directly on to the deck of the vessel, and a system of spouts, 
with more perfect appliances for preventing the breakage of the coals. After mature deliberation, 
watching carefully the best-constructed spouts, and considering not only what existed but what 
miglit be done, it was decided to adopt the system of shipping by spouts. 

The variation in the level of the deck of a large American ship when light, and at high water 
of a spring tide, and in the level of the deck of a small vessel loaded at a neap tide, is 20 ft., and it 
was necessary to provide for this difference. See Kkels and Coal SiiirwNO. 

Figs. 2510 to 2513 illustrate 0. B. Bmnie^s Iron Floating Ihrk^ constructed for the port of Forrol 
on the Atlantic. Such docks serve the same purj) 08 e ns tlie ordinary graving docks. 

The total length of this dock. Fig. 2510, is 350 ft; the breadth of the base 105; the height 
from the floor to the deck of the side walls 37 ft. 6 in. Thus, allowing 5 ft. for the keel-blocks, 
and 2 ft. 6 in. Wween the top and the highest water-level, there remains 30 ft. depth of water for 
the admission of ships. The total displacement of water by the base is 13,000 tons, the weight of 
the whole dock about 5000, tlius leaving a surplus of 8000 tons for lift. The dock is constructed 
in the following manner: — The section shown in Fig. 2510 is tliat of the whole length of a dock, 
and is composed of plate, angle, and X iron, rivetetl together so as to form one structure. The hose or 
pontoon of the above is 12 ft. G in. deep, divided into two compartments by a water-tight bulk-head 
running the whole length of the df)ck. Each of these is subdivided into smaller compartments by 
ten transverse bulk-heads, forming eleven water-tight chambt‘rs on each side. Figs. 2511, 2512. 
The side walls are also divided by a similar number of transverse bulk-heads. The upi>er part of the 
sidewalls is conii)osed of air-tight chambers of a capacity rather exceeding a volume of water whoso 
weight is cqvii valent to that of tlie dock. These starve the pur|>f>se of preventing the dock sinking 
below a certain level. The base is again divided and strengthened by oj>en lattice girders of an X 
form, of a length equal to the breadth, and depth equal to the depth of the base or jKmtoon. They 
are about 5 ft. apart. On commencing the vrork, two of tliest‘ girders were tt‘.st(*il with a weight of 
200 tons without any perceptilde <leflection. The base is further strongtlioned lougitudinally by a 
system of diagonal bracing. Tiicrc are thus, including the outside plating, nine elements of strength 
in a longitudinal direction in order to di.stribute any inequality of weiglit that may occur through 
irregularity in the keel or weight of the ship. The floor of the dock. Fig. 2513, is coverwl with 
3-in. teak planking, upon which, 8iqqR>rted % every third girder, is a solid teak beam of 2 ft. 
square running from bi<le to side. These bijams supjiort the kccl-blocks and movable bilge block- 
ing-pieces, with rack and pawl. On the middle of the intermediate girders the ordinary koel- 
blocka are fixed. 

The Arrangement for Sinking^ Filling^ and Pumping mit . — On either side of the dock, near the 
centre at the bottom, are two large sluice.^. These admit tlie water into a small reservoir or dis- 
tributing chamber, from wdiich wrought-iron pipes 1 ft. 6 in. diariH^ter lead, one to each compart- 
m(*nt. Those pipes have sluices or cocks fitted to th(*m, which are worked by hand from the top 
of the dock, so as to be always available and capable of regulation by the man in charge. The 
depth of water in each compartment is dete.niiiiu“tt by an ordinary gauge. Four pumps are plac^ 
on each side, having 2 ft. 9 in. stroke, and 2G in. in diameter, and worked by a jmir of high-pressuro 
steam-engines, with cylinders of IS in. diunit-ter and 2 ft. stroke of piston. The pumi>s are reduced 
ill Sliced in tlie proportion of 2 : 1 by means of gearing. Four powerful capstans and mooring 
bollanis are fixed at each end of tlie d^ick for moving or mooring it ad lihitum. 

The dock is worked as follows;— Sup|)o.^e it empty, and tljc floor well nlxive the level of the 
water, the sluices at the side are gradually openeil, ami water Hllowt*d to flow into the different 
compartments. The dock will then commence sinking, care being taken by watching the gauges 
so to regulate the sujiply of water that it may sink uniformly and gradually. When the dock is 
sufficiently deep to take in the reipurcHl vessel the sluices arc cIosikI, the vessel hauled over the 
keel- blocks, and tlie brejist niid other sliores applitHl, while the engines are set to work h'l pump the 
water out. Thus for every ton of water puin|s?d out 1 ton of dock and ship is lifted. This o|>era- 
tion is continued until the floor of the dock is well out of the water, os sliown in Fig. 2511. Paint- 
ing, examination, or repairs, can then be jierfonnetl with facility. The manifest advantages of this 
arrangement are ; — First, the fidaptation of breast shores, which those accustomed to docking largo 
vessfds well know the inifiortance of, for shjadviiig ships wlien they begin to rest on the keel-blocks. 
Hecondly, the longitudinal stiffness obtained by the side walls, so that any undue pressure arising 
from irregularity in the keel of the vessel is thereby counteractfjd, the height of keel-blocks being 
regulatoii as usual by wedging up. Thirdly, the facility of moving the dock should it bo required. 
Fourthly, the simplicity of tlie action of the dock, and its non-liability of getting out of order. 
Fifthly, entire independence of the rise and fall of the tide, and thus readiness for docking or un- 
docking at any moment. Suppose, for instance, either from action in battle, or domiigement of the 
sea-cocks, or of a hawser round the screw, ships run into Spithcad, Portland, or Plymouth, to bo 
docked, and have to wait for the tides as usual, serious incoDVCDienco might result ; whereas if a 
floating dock were fixed at any of the ab^we-named or other ports, they would run in, and not be 
require to discharge stores or cargo, and in two or three hours l>e in a position for examination ; 
and from the now universal introduction of steam for ships, these slight derangements, which can 
be often remedied in an hour or so, not un frequently occur. Should, however, it be found that a 
repair of some weeks or so would be required for the vessel, the dock being thus in use would not 
be available as above described. To remedy this, Bennie contrived a floating basin and a railway 
for Carthagena. It is designed for the especial purpose of hauling the dock with the vessel upon 
it into the basin, and conveying the vessel from the dock on to a horizontal slip or way, and thus 
leaving the dock available for other vessels. 
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An iron floating dock for Bermuda has been recently constructed by Campbell, Johnstone, anit 
Co., of North Woolwich. This dock is capable of docking ships of the Bellorophon class when 
waterlogged ; it is fitted with a caisson at each end, and has a double bottom and sides 20 ft. apart, 
llio principal dimensions are as follows ; — 


Feet 


Length over all 881 

Length between caissons 830 

Breadth over all 124 

Breadth inside of dock 84 

Depth over all 72 


It is divided longitudinally into eight water-tight compartments on each side of the keel, and 
each of these is again divided into three smaller compartments, not water-tight. Transversely it 
is divided into throe compartments on each side of the keel, called, respectively, the load-chamber, 
balance-chamber, and air-chamber ; these chambers being water-tight and distinct from each other. 
Fig. 2514. 

The dock, when not in use, has its chambers empty, with the exception of the air-chambers, in 
which a quantity of water is always kept for supplying the pumps to fill the load-chambers when 
required. 

The process of docking a vessel may be described thus ; — The load-chambers are first filled by 
pumping engines fitted on the top of the dock, and having suction-pipes leading into the air- 
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chambers. After this has been done, the valves fitted 
at the lower ()art of the balance-chamber and com- 
municating with the sea are opened, and the chambers 
filled, this opc^ration sinking the dock to such a depth 
that, by owning valves fitted through the caissons, 
water can bo run into the dock in order to bring the 
contained water to the same level as the water on 
the outside, when the caissons can be taken out, and 
there will be a depth of 27 ft. of water on the blocks, 

Fig. 2514. 

The ship having been brought over the blocks, the 
water in the load-chambers is allowed to run out, and 
the balance-chambers partly emptied, if required, Fig. 

2515; the ship is now breast-snorerl, and the caissons 

S ut in place, after which the water remaining in the ^ 5 ^- 
ock is run into the air-chambers, as shown at Fig. 2516, 
by means of valves fitted in the bottom of the dock, in - 

which state the dock remains until the vessel is ready 
for undocking. Should the ve^ssel not be exactly in 

the centre of the blocks, the dock is brought perpendicular by letting a portion of the water out 
of the balance-chamber on one side or the other, as the case may require. 






wnwr IB mu uifu we I 
through the valves in the 
caissons, and the balance- 
chambers filled up, this 
bunging the dock into 
tm position shown in 
l^g. 2517, with the ship 
afloat; the caissons are 
then taken out, when the 
vessel xnay be undocked. 
To bring the dock again 
ready fur use the water 
in the air-chambers is 
pumped into the load- 
oliambers and run into 
the sea, in order to allow 
the dock to be emptied 
into the air-chamber. 
Fig. 2518 shows the dock 
heeled over, in order to 
clear or repair the bot- 
tom. 

In docking small ves- 
sels the dock has suffi- 
cient buoyancy to lift 
them quite out of the 
water, when the caissons 
would not be required. 
Tlie inventor also pro- 
poses to make pontoons 
capable of carrying light 
vessels to fit the inside 
of the dock; those pon- 
toons he sinks in the 
dock, and after bringing 
the vessel over it, the 
dock is raised and the 
water let out of the pon- 
toon, when the dock is 
again sunk, leaving the 
Ix)utoon afloat with the 
vessel on it; by these 
means a number of ships, 
corresponding to that of 
tlie pontoons provided, 
might be repaired at the 
same time. 

L'dtcin Clark's Hydrau^ 
lic-lift Dock. Figs. 2519 
to 252,3. — Clark, under 
the direction of Robert 
Btephenson, designed the 
machinery, and su[>erin- 
teuded the raising of tlio 
tubes of the Britannia 
and Conway tubular 
bridges ; and it recpiirod 
but trifling ingenuity to 
apply the process oin- 
ployed to raise thoso 
tubes to the lifting and 
docking of vessels. 

The site selected for 
one cf those liydraulic- 
lift docks was a plot of 
2Ci acres of level land, 
lying between the Vic- 
toria Docks and the 
Thames, and below the 
level of high water. This 
site admitted of a direct 
entrance &om the docks, 
with a permanent water- 
level, without the cost 
and delay of a special 
entrant from the river. 
The soil is a deep bed of 
bog and alluvial mu^ on 
a substratum of gravel. 
•The only excavation ne- 
cessary was the lift pit, 
and ito deep entrance to 
the dock, wnere a coffer- 
dam was employed. 
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The depth of water in the lift is 27 ft. ; over the remaining water space it is only 6 ft., which is 
the maximum draught of the pontoons. In this shallow-water space there are eight pontoon 
berths, separated by jetties for workshops and access ; each berth being 60 ft. wide, and from 
300 ft. to 400 ft. long, and surrounded by brick retaining walls. The bottom was covered with a 
level layer of peat clay, to 

prevent leakage to the gravel / jk 

beneath. A sluice through U .. ■ .. y_ -j" ., . I« 

the surrounding bank ren- 3 Z -TI* U 

ders it easy, at low water, Fj| = { =* ' H 

to empty the whole of the [■jHJ[|J]|||[^^p | := BJ 

space; but when this is done, h 1 = g 

a dam must necessarily be jj' _ Hi 

thrown across the nm)er end ivj =E= |j == R 

of the lift, to cut off access ]|j == j ^ == |||l 

to the Victoria Docks, The [j|l| = | ij || J™ ^ HI 

area of shallow wate^is 16 g ■■ 

acres, affording sufficient w jr ' ' I[ [p 

space for floating flfteen or (r — | L-— B 

twenty pontoons, which, it ^ LIES: || | j|l| H 

was estimated, was about the y :=rr= g ’ — - — ^Ul J jS IS 

number that might be kept y/Jt IHf — : (1 

employed by a single lift. iJ Ini h 

The docking of a vessel m =^0 — — jJ o Ir^'^ I 

consists of two distinct ope- •;> ^ -^ | ijp' , C 3:= I 

rations. First, the direct [n Jh , 1 1 JEr-I H 

raising of the weight on the i i | fi 

lift ; second, the tranaporta- y — m | I- — = — 1 1 -i7=: j| 

tion of the vessel to any con- j'j 0 — ^| [j u 

venient position for its repair ^ [[f 1~H 11 R 

on the pontoon. L L^r— ' ji K 

The lift is a direct me- J 8=^^== j L-— [j N 

chanical appliance for rais- ^ =2— 3 1 * * 

ing the vessel by means of ^ U*==:-! H] ft 

hydraulic presses. It con- ?jr ® r^' 1 !{ 

sists of two rows of cast-iron K =5:3 i|| =E? " 

columns, each 5 ft. in diame- J' ~^0 l*=**=‘n^ri \ 

ter at the base, and 4 ft. in K 1 Jl* If ^ 5 ]fl 

diameter above the ground- § ee-“ 2 , | 1 - * fl 

level, and sunk al)out 12 ft, ^ “jlJ , ( n - 5 B! 

in the ground. The clear ^ _ — -u t r: ^ jr] 

space between the two rows f O I [if I l | 

is 60 ft., and the columns jj ^ . ~- ^l!ll!ll'^i|||!j|l|| [i[ 

are 20 ft. apart from centre | EE--:: jwV 

to centre, and are placed on 

each side of the excavated \f .i ’ - ||Tf N 

lift pit, in about 27 ft. of r | 1 1 f" ~ H 

water. There are sixteen S == — [I 

columns in each row. (rivinsr h ={fc 1 I I 1 ^ ^ III' 

a length of 310 ft. to the \ ^ H o f ^ f il 

lift; hut, as vessels may .B | f B 

overhang at each end, there "y i i^'" |jl 

is a practical working length gi • n »1 fl E. in’ 

of 350 ft. The columns were S8 =; ^ i \\ In' ;nEEE 

sunk in the usual manner, Ji j H i ^ -.LEE I)/ 

three or four being thus fixed = I ~\ ||j 

each week. When the requi- S == ^ - ^ j 

site depth was attained, the ^ \ /' fif ~L i ij 

base was filled with concrete, jS m \ P ' 

and covered with a layer of S ~=| ' ’ I • r-r.— • ||j— - l J‘ 

2-inch planks, to act as a jj? ==^ g * — /"' ,r-E 

cushion for the cast-iron seat rji ===t?? j " ^ f | ^ ' E— 1 

on which the press rests. S rT= V f 

No great accuracy of posi- S El e R 

tion is required, as the sus- =t«^-=s.>===«! m ^ ^ R| 

pended load tends to bring r m tj E:r~- nl 

all the columns vertical, and ^¥r.',T ^ ^ : -r iTTrTTTrm<rTm\ 

if any column should, during L-Liil lil . fe_ 1 ^ or > 

use, be even sensibly thrust ^ M '==: |j|l 

deeper into the soil, the ram \p H 

follows its work, independent ’{[ ^ Iv 

of the level of the press. The ^ 

columns, Fig. 2523, support no weight, but act solely as guides for the cross-heads of tlie presses, 
which move in slots reaching from the top of the presses (just clear of high water) to the top of the 
columns. The column is covered by a cap. Fig. 2519, and each row is firmly oonnectod together 
at the top by a wrought-iron framed platform, running from end to end of the dock on each 1 ' ' 
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This platform forms a oonvenient permanent scaiTold for raising the rams. The whole len^b of 
a column is 68 ft. 6 in. A scale is printed on eacii column to register the motion of the crosB-heads 
while rising or falling. 

The presses and girders are managed as follows ;->Eiich column encloses a hydraulic press of 
10 in. diameter, with a length of stroke of 25 ft.; the top of the press is just clear of the highest 
water, and it is kept in place by a collar or diaphragm in the column. The rams are solid, and 
OBch carries a boiler-plate cross-head 7 ft. 6 in. long, thus extending 1 ft. 9 in. beyond the column 
on each side. From the ends of the cross-head are suspended, by wrought-iron bars, two iron 
girders, each 65 ft. long, which extend entirely across the lift to the corresponding column and 
press on the opposite side. There are thus sixteen pairs of suspended girders, lying at the bottom 
in 27 ft. of water, when the presses are lowered, but rising alxive the surface wlien the presses are 
raised. They form a largo wrought-iron platform, or gridiron, which can be raised or lowered at 
pleasure, with a vessel upon it. The detail of the machinery is identical with that employed 
at the Conway Tubular Bridge ; and those who saw that bridge raised have only to imagine thirty- 
two tubes side by side instead of two, and they will have a j>crfect representation of the lift. The 



mam girders are 5 ft. 9 in. deep, of wrought iron, trussed with a cast-iron top 
flange. The sectional area of each ram being 100 circular inches, a pressure 
of 2 tons to tlie circular inch gives 200 tons as the lifting power of each pn'ss, 
or 6400 tons for the whole lift : but to find the available lifting power, tlicro 
must bo deducted 620 tons, Tsbich is the weight of the rams, cross-head, chains, 
and girders, leaving 5780 tons for the pontoon and vessel. The presses were 
tested at 2^ tons to the circular inch. Tho girders are designed for carrying the 
vessel as a load at the centre, although the load is distributed by the pontoon, i 
and tho wide base used for the blocks. The water is forced into the presses 
immediately beneath tho collars at the top, this being im accessible position. 

The grouping of the presses was an iinporta'.r;t consideration. If each press were worked 
entirely indepoudeiit of its neighbours, it is evident that precisely the same quantity of water 
musfc bo thrown into each press to avoid unequal strain. Again, if the whole numlx3r were sup 
plied from a common hood, tho slightest excess of weight at any part of the platform or gridiron 
would lower that part, the water passing back through the pifH^s to the presses where less pressure 
existed ; tho same difficulty would bo exjierienced writh two groups, however arranged. Stability 
is, however, secured by arranging th(' presses in three groups. Onc-lialf of the whole number, 
OMupying the upper half of tho lift, form one group, consisting of sixteen presses, Tho remaining 
eight presses on one side form a second group, and tho opposite eight form the thinl group. 

The presses in each group are all connected, so that jierfect uniformity of pressure is secured in 
each as regards tho individual presses, while tho three groups are so arranged that tlicir centres of 
action form a tripod support, upon which the pontoon is seated. As any one jioint of the tripod 
may be raised or lowered without regard to the other two, by the most simple manipulation, the 
pontoon can be either maintained perfectly level, or any inclination can be given to it that may be 
desired. 

Any pair of presses may be instantly out off in the valve-room by means of a plug, during the 
operation of lifting, without interrupting the process. One or nuire of the end pairs is almost 
invariably out of use, except with vessels of the largest class. No delay, therefore, arises from tho 
failure of a collar or pipe, and even should a press burst, the water cau only escape slowly through 
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the }-m. pipe which feeds It ; and by opening the eeoape-valyes in the other groups, vessels, partiollj 
laised, descend slowly and steadily into the water. 

The force-pumps are If in in diameter. There are twelve pumps, worked by direct action by 
a SO-horse-power engine ; six of these pumps are used for the large group, and three pumps for 
each of the smaller groups. The power when required is increased by cutting off one or more of 
the pumps. The engine-house is, unfortunately, 112 yds. from the lift, the water having to be 
driven all this distance through pipes only J in. in diameter. On accotmt of the distance of the 
engine, a valvo-house, for the manipulation of the presses, is erected on the platform alongside 
the lift. During an operation the engine continues to pump, and the valve-man throws the water 
into either group, or to waste, at pleasure. The raising of a vessel occupies about twenty-five 
minutes. The pipes and presses are, to a considemble extent, sheltered from frost by their posi- 
tion, and during the severest cold a few occasional strokes of the engine are found sufficient to 
keep all in motion, and prevent congelation. 

The pontoons are not essential for raising or docking a single vessel, for it is evident that tho 
lift, as described, is all that is required for that purjwse. The girders might be connected t^ethef 
by other hmgitudinal girders, so as to form a sufficiently rigid platform ,* or the whole might bo 
formed into a pontoon, which would support a vessel after it was raised. 

The following is the arrangement adopted ; — An open jwntoou, proportioned to the size of the 
vessel to be docked, is selected. Keel-blocks and sliding bilge-blocks, adapted to her ahaoe, form 
part of the pontoon, which is placed on the girders, and sunk with them to the bottom of the dock. 
The vessel is brought between the columns, and moored securely over the centre of the jwntoon. By 
lifting the girders the keel-blocks are first brought to bcjar under the keel of the vessel ; the sido 
blocks are then hauled in, by cliains laid for the puri)Ose on each si<le the dock, and the gridimn 
and the pontoon, with the vessel iip«ni it, are then all raised by the presses clear ot the wafer. Tho 
pontoon is provided with valves in the bottom, and thus empties itsilf of water. The valves aro 
closed, and tlic girders again lowered to the bottom, but the pontwn. with the vessel ujkiu it, 
remains afloat. Thus, in about thirty minutes, a vessel drawing 18 ft. of wafer is left afloat tm a 
shallow iK)utO(m drawing only 4 ft. or 6 ft., and may be taken into the shallow dock pre|>ared for 
its reception. These docks are surrounded by workshops and tof)ls, with sheller for the men close 
up to the bulwarks of the ship. The vessel is, in fact, brouglit Ixxiily into the centre of a conve- 
nient workshop. It is fciken to the smiths', or the carjH*nters’, or the machine shoots, according to 
the nature of the re}jttirs required, and is moved easily from one to the other. 

The number of vessels that can W thus docked is limifed only by the number of jsmtoous, each 
pontoon constituting a separate and inde{)cndent dock. The ponhxms, whicli are all aU>ut 58 ft. 
wide, vary in length and depth according to tlm class of vessel intended to l>e do<*ke<l, and an; rc'ct- 
angular in form, and open decked. The sides are vertical, and are strengthened longitmlinally 
and transversely by wwjught-iron girders, running from sido to side, and from end to end, and thus 
forming a series of rectangular divisions. The pontoons are dividwl into water-tight eoin|mrtment8 
by means of bulk-heads formed of the girders, each com|>artment being provided with a circular 
valve in tlie lx>ttom, closed by a screw-shaft. The transverse girders arc 8 ft. ajmrt, and supjxirt 
the bilge-bl(x*ks on tlieir upper flanges. In the largest |)ontofnis these girders form incliu<‘d planes, 
declining in heiglit towanls the centr(j, to facilitate the running in of tiie block-fninies. There is a 
strong longituilinal centre ginler, with a broad top flange, for hup|K»rting tin; ke(l-bl«>cks; on each 
sido, the two other longitudinal girders are placed equally distant, and in th(i lino of the side blocke. 


Table I.— Dimeksions of Dry or Gravikq Dociks. 


Name or Number of Dock. 

Length in 
Blociu at 
Bottom of 
Dock. 

Length at 
Top of 
Dock. 

Width of 
ilntrance. 

Depth of 
Water 
on Slit at 
0. W. 11. 

iVpth of 
Water at 
0 If M 
Neap 
Titleitw 

PORT8>IOrTH. 

ft. 

In. 

ft 

in. 

ft 

In. 

ft 

in. 

ft 

in. 

). 1, South harlx)ur dock 

228 

3 

253 

6 

57 

7 

20 

3 

16 

3 

2, South-east basin dcjck 

221 

6 

252 

10 

63 

4 

24 

0 

20 

0 

3, South basin docik . . 

275 

2 

287 

1 

67 

6 

25 

6 

21 

6 

4, Middle basin dock . . 

279 

3 

286 

3 

67 

6 

21 

9 

17 

9 

5, Middle basin dock . . 

208 

3 

227 

2 

55 

4 

20 

3 

16 

3 

6, Harbour dock . . . . 

189 

8 

220 

1 

52 

11 

20 

0 

16 

0 

jJ’jDouble docks .. .. 

C44 

10 

644 

io{ 

80 

88 

1 

25 

27 

6 

0 

21 

23 

6 

0 

8, South inlet dock .. 

302 

10 

333 

5 

70 

0 

22 

9 

18 

9 

9, Dock 

253 

4 

283 

2 

64 

11 

21 

9 

17 

9 

11, North inlet dock .. 

406 

0 

426 

0 

70 

0 

25 

9 

21 

9 

Devonpobt. 











>. 1, Basin dock .. .. ; 

" 1 

, 266 

0 

: 299 

0 


0 

27 

10 

28 

4 

415 

6 

I 437 

0 

73 

0 

,81 

1 

27 

7 

4;- ! 

209 

6 

241 

2 

50 

2 

! 20 

4 

15 10 

! 

1 263 

4 

275 

10 

64 

0 

> 20 

7 

16 

1 


llemtilB. 


Number of building sli|)s— -one of 
1st class and four of 2ud class. 


Being made 4 ft. 8 in. deeper. 


In course of construction. 


one. New one (co^ruoting). 

Number of building sIIps-Hme of 
Ist class, two of 2nd class, anil 
thrco'of 8id class. 
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Name or Number of Dock. 

lionfftb In 

Bottom of 
Dock. 

Length at 
Top of 
Dock. 

Width of 
Entrance.: 

1 

Depth of 
Water 
on Sill at 
0. W. H. 

Depth of 
Water at 
0. H. M. 
Neap 
Tidea. 

Keyham. 

ft. in. 

ft 

in. 

ft 

in. 1 

ft 

in. 

ft 

in. 

No. 1, South dock .. .. 

348 2 

356 

6 

80 

0 

23 

0 

20 

0 

„ 2, Middle dock . . 

281 9 

308 

0 

80 

0 

23 

0 

20 

0 

„ 3, Graving dock .. .. 

274 6 

307 

0 

80 

0 

27 

0 

24 

0 

Sheernesb. 










No. 1, Dock 

241 0 

253 

4 

57 

7 

25 

2 

20 

8 


225 7 

251 10 

57 

8 

25 

2 

20 

8 


241 0 

2.53 

i 

63 

5 

25 

2 

20 

8 


180 7 

2oa 10 

50 

3 

19 10 

15 

4 

ft ff 

154 4 

196 

1 

58 

7 

14 

8 

10 

2 

Chatham. 










No. 1, Dock 

203 5 

222 

5 

57 

0 

16 

0 

13 

0 

„ 2, „ 

374 6 

397 

9 

62 

2 

28 

6 

20 

6 

3» » 

320 5 

347 

5 

62 10 

23 

6 

20 

6 

V ^» »» 

232 0 

253 

0 

62 

8 

21 

0 

18 

0 

Woolwich and Deptford. 










No. 1, Dock 

250 0 

265 

0 

65 

0 

22 

0 

17 

2 

„ 2, „ 

241 3 

272 

0 

65 

0 

21 

0 

16 

2 

„ 3, „ 

264 0 

290 

8 

80 

0 

21 

0 

16 

2 

Outer d(x?k, Deptford . . . . 

1!M! 0 

196 

0 

54 

0 

15 

Si 

9 

8} 

Inner dock, Deptford . . . . 

167 6^ 

lUO 

4i 46 10 

1 

13 

3 

7 

8 

Pembroke. 










No. 1 

387 8 

404 

0 

75 

0 

24 

6 

18 

C 

Chekdocro. 










No. 1, in outer Imsin .. 


246 

0 

58 

0 





„ 1, in now basin .. .. 

, , 

370 

0 

GO 

0 





„ 2, „ .. .. 


370 

0 

60 

0 





„ 3, ,, .... 

• • 

310 

0 1 60 

0 





4 

ti • • 


340 

0 

60 

0 





,, 5, „ .... 


340 

0 

60 

0 





„ 6, „ double locks 

,, 

350 

0 

65 

0 





tf 7, „ „ 


350 

0 

65 

0 





Brest. 










No. 1, small 

,, 

210 

0 

56 

0 





,, 2, „ . . . . . . 

.. 

210 

0 

56 

0 





„ 1, double 

, , 

500 

0 

60 

0 





2, 

•• 

500 

0 

60 

0 





L’Oribnt. 










No. 1, double 


340 

0 

58 

0 





ft ft 

•• 

600 

0 

• 


• • 



•• 

roUWK. 










No. 1, old 


250 

0 

58 

0 





„ 2, „ smaller .. ,, 


2:10 

0 

58 

0 





u 3, „ 


230 

0 

58 

0 





„ 1, new .. 


336*69 

62 

0 

mi 




ft 2, „ 


396*88 







,, 8, , 

♦ . 

545*79 

• 






Roohefobt. 










Small 


210 

0 

55 

0 





Double 


450 

0 

60 

0 





Large 

.. 

360 

0 

80 

0 




.. 

Havbb. 










Ne^i dock 

.. 

426 

0 

90 

0 






Uemarks. 


Being altered and made 136 ft 6 in. 
longer on keel-blocks, and 109 ft. 
at tops. 


Number of building slips— on© of 
2ud class. 


Number ot building slips— one of 
1st class and six of 2nd class. 


( Number ot building slip— one of 
Ist class, seven of 2na class, an'l 
four of 3rd class. 

Being made 10 ft. longer on the 
blocks, and 74 at the top 


Number of building slips— four of 
1st class and nine of 2nd class. 


Number of building slips— nine of 
Ist class. 


Can be mado into four of 250 ft. 


Recently lengthened. 
Constructing. 


Number of building slips— sixteen 
of 1st class. 


Can be made into one of 210 and 
one 240. 



1270 


DOCK. 

Table 1.— Dthensions of Dbt or GBAyiNO Dookb— conftmitf(f. 


Kune or Kmnber of Dock. 

Length in 
Bluckfl at 
Bottom of 
Dock. 

Length at 
Top of 
Do^ 

Width of 
Eatianoe. 

Depth of 
Water 
on Sill at 
0. W. H. 

Depth of 
Water at 
O.H M. 
Neap 
Tides. 

Remarks. 

LiTEBFOOL. 

ft. 

la 

ft in. 

ft 

in. 

ft 

in. 

ft. 

In. 




Canada look and graying\ 

dock J 

501 

0 


100 

0 

26 

0 

19 

0 




finskisson lock and graving] 
dock j 

396 

0 


80 

0 

24 

9 

17 

9 




8andon graving docks^ 













No. 1, east 

540 

0 


60 

0 

21 

9 

41 

9 




>1 2, „ 

540 

0 


70 

0 

21 

9 

41 

6 





540 

0 


60 

0 

21 

9 

14 

9 





540 

0 


70 

0 

21 

9 

14 

9 

The total area and quay space of 


540 

0 

.. 

45 

0 

21 

9 

14 

9 

the Liverpool and Birkenhead 

W »» 

540 

0 


45 

0 

21 

9 

14 

9 

Dock is as follows : — 


Clarence graving docks— 

No. 1, outer gates .. .. 

405 

0 


45 

0 

21 

8 

14 

3 

Nanio of Dock. 

Water Area. 

Quay Space. 

„ 1, inner gates .. .. 

2.a 

0 


45 

0 

IS 

9 

11 

9 


acroa yds. 

milea yda 

„ 2, outer gates . . 

414 

0 


45 

0 

21 

3 

14 

3 

Liverpool 

asi 2664 

18 763 

„ 2, inner gates .. .. 

288 

0 


32 10 

18 

9 

11 

9 

Birkenhead . . 

121 2H69 

5 7m6 

Canning graving docks— 










Total.. .. 

372 6533 

23 1549 

No 1 ... 

441 

0 


35 

9 

1U 

19 111 




„ 2 

488 

0 


35 

9 

18 

Si 

11 

Si 




Brunswick graving docks— 













No. 1 i 

399 

0 


42 

0 

20 

9 

13 

9 




« 2 

399 

0 


43 

0 

20 

9 

13 

9 




Queen’s graving docks— 













No. 1 

438 

0 


42 

0 

19 lU 

12 11} 




« 2 

435 

0 


70 

1 

21 

9 

14 

9 




Birkenhead. 













No. 1, new dock) con- ( 

750 

0 


85 

0 

25 

9 






„ 2, „ / structing \ 

750 

0 

** 

50 

0 

25 

9 






„ l,dock) 

300 

0 


40 

0 

16 

6 






„ 2, „ belonging to 

180 

0 


45 

0 

16 

6 






„ 3, „ (Laird Brothers 

400 

0 


65 

0 

24 

3 






,, 4, „ j 

440 

0 


85 

0 

20 

6 






SOBTHAMPTON. 













Western dock 

343 

0 

346 0 

66 

0 

20 

0 

16 

0 

The eastern dock, made in 1854, 

Middle dock 

232 

0 

233 0 I 

51 

0 

15 

6 

11 

6 

is of brickwork, with Portland 

Bastem dock 

425 

0 , 

538 0 1 

80 


20 


21 

0 

co[)ingH, and is stated to have 


cost 53,000/. 


Table IL— Prinoipal Dimeksioi^s of other Dry Docks of 300 Feet in Length, and upwards. 1862. 


Name of Port 

Name of Dock 

Length over 
all. 

Breadth of 
Entrance;. 

l>ppth of 
Water over 
Sill at 

0. H. W. 



feet 

feet 

feet 

Leith.. .. 

On the East Sands .. .. 

400 

71 

23 

Sunderland 

Laing’s ^ 

300 

48 

14 



815 

45 

16*8 

West ]bartlepool .. .. 

No. 1 

375 

60 

10 

„ •• «. 

No. 2 

855 

50 

17 

Great Grimsby .. .. 

No. 1 

400 

70 

19*6 

Thames .. .. ,, .r 

Northfleet 

400 

74 

19*6 

W *• •• f» •• 

New Crane 

463*6 

48*9 

14*6 


Union (upper) 

831*6 

89*8 

15 


Regent, No. 

338 

42*2 

16 


Green and Co, 

34S 

62 

i « 

9? ••••••! 
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Table II.— Pbikoipal Diuensionb ov otheb Dbt Docks, &o.— contMued. 



Thames 
Portsmouth 
Isle of Wight 
Plymouth .. 
Fiumouth .. 


Appiedore 
Bristol . 


Cardiff . 
Swansea . 
Holyhead , 
Greenock , 


Dumiarton 
Glasgow .. 
Dublin 
Londonderry 
Cork .. .. 


Trieste 
Bombay . 

Singapore 


Canton River 
Amoy 

Australia .. 


Rio Janeiro 


Name of Dock. 

Length over 
aU. 

Breadth of 
Entrance. 

Depth of 
Water over 
SlUat 
O.H.W. 


feet. 

feet 

feet. 

General Steam 

328 

40 

14 

Camber Dock 

845 

50 

17*3 

Cowes 

830 

86 

16-6 

Mill Bay 

367 

80 

27*6 

No. 1 .. 

360 

54 

14 

No. 2 

400 

90 

20 


826 

43*3 

15 

Great Western 

800 

45 

13 

Albion 

880 

38-6 

13*6 

Green 

323 

56 

15 

East Bute 

435 

48 ' 

18 

No. 8 

300 

36 

16 


307 

62-9 

17 

Steel 

361 

47*8 

16 

Scott 

300 

45 

15 

Corporation 

860 

38 

13 


300 

41 

13 

Tcid and McGregor 

500 

56 

18 

No. 1 

400 

70 

18 


321 

50 

18 

West Passage 

300 

86 

24 

Wheeler’s 

420 

59 

20 

Austrian Lloyd’s 

300 


25 

Old Dock 

613 

.51-9 

16 

Dunoon Dock .. 

600 

63 

16 

New Harbour 

390 

43 

15 


450 

62 

18 

T. C. Couper 

550 

72 

17 


300 


, , 

Cockatoo Island 

306 

58 

20*6 

Morts, in Watorviow Bay . . 

345 

75 

19 

Cobras Island 

301 

70 

28 


Table III.— Floating Basins in Engusu Government Dockyards. 18G2. 


Lineal 
feet of 

NaiiMof No.ofBMli«. W.tjrAr* 
Dockyard. of liosms. Space 

in each 
Basin. 


Deptford ., 
Woolwich 

Chatham . 
Shoeruess 


Portsmouth 


Devonport 


A. R. p, 

1 118 

Outer basin 3 0 33 
Inner basin 2 2 16 ' 

Nil 

Great basin 3 2 5 
Small basin 1 0 23 
Boat basin 117 
South basin 2 1 30 
Steam basin 7 0 0 


1 2 G 


Koyham .. South basin 7 0 32 

„ North basin 5 0 0 

Pembroke Nil. .. ,. 


1400 I 

850 ^ 

551 

H50 Wlien Docks Nos. 7 
21U0 , and 10 are unoccu- 
I pied they may be 
used as a lock 6(U ft. 

: long, with 27 ft. H.W, 
spring tides. 

800 No locS. 

2150 I Entrance lock 252 ft. 
Sin. between caissons. 


Width. 

Depth of Water on i 
Sill at Ordinary I 
Iligh-waUT Spring 
Tides. 1 

i 

Depth of Water on 
SjU at Ordinary 
High-water Neap 
Tides. 

ft 

a in. 

ft in. 

50 

20 0 

14 5 

65 

22 10 

18 0 

65 

21 0 

16 2 

66 

*27 6’ 

k 6 

50 

20 6 

16 0 

100 

26 0 

21 0 

67 

24 6 

20 0 

80 

25 0 

21 0 

74 

30 6 

26 8 


Outer entrance 

Outer entrance 


36 0 

21 6 

oG 

Inner entrance 

Inner entrance 


34 0 1 

29 6 

80 

25 0 

20 6 
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DRAINAGE. 


Among the standard works relating to this subject wo may mention the following;— Bel idf'*, 
‘Architecture Hydraulique,’ 4 vols., 4to, Paris, 1787-58. De Cessart, ‘Description dea Travaiix 
Hydrauliques,* 4 vols., 4to, 1806-8. Elmea, J., ‘Docks and Port of London and Liverpool,’ (olio, 
1838. ‘ Life of T. Telford,’ 4to, with folio Atlas of Plates, 1838. Sgauziti, * Oours de Coostruction,’ 
3 vois., 4to, and Atlas in folio, Paris, 1839-41. Minard, ‘Cours do Construction des Ouvrages 
Hydrauliques dtis Ports de Mer,* 2 vols., 4to, Paris, 1841. Webster, T., ‘The Port and Docks of 
Birkenhead,’ 8vo, 1848. C, B. Stuart, ‘The Naval Dry Docks of the United States,* Ito, New 
York, 18r)2. Sir J. Bennie, ‘ Theory, Formation, and Construction of British and Foreign Har- 
iKuirs,’ 2 vols., folio, 1854. Gassend et Labour, ‘ Travaux Hydrauliques Maritiines,’ folio, Marseille, 
isGl. Vuigner, ‘ Entrepots de la Villettc,’ 4to, witli Plates in folio, Paris, 1861. BotHaen, ‘Con- 
structions Hydrauliques,* 3 vols,, 8vo, Bruxelles, l8r>J-63. Humber’s ‘ Bccord of Modem Engineer- 
ing’ for 1864 and 1866. See also numerous j>apcr8 on Docks in the ‘ Minutes of the Institution of 
Civil Engineers,* * Annales des Pouts et Chaiissecs,* ‘ Annales dii Ge'nie Civil,’ and ‘ Engineering.* 

See Anchor. Bond. Brickwork. C-onstruction. Dam. Embankments. Keels and 
Coal Shipping. Lipt.s, Hoists, and Elevators. Lock Gates. Water-works. 

DOG, Fr., CUuMau ; GeR., h' Itfimnerhitkcn ; ItAL., ( ir > ipo ^ Gr>tppa ; Span., Gr ipa . 

X dog is a grappling iron, with a claw or claws, held by a chain or rope^ f(»r fastening into 
woob or other heavy articles for the purpose of raising or moving them ; or an iron with fangs for 
fastening a log in a saw-pit, or on the carriage <>f a saw-mill. A do// is a piece in machinery acting 
as a catch or clutcli ; especially the carrier of a lathe. An adjustable stop to change the motion of 
a machine tool is also called a dog. 

DOLLY or DOLLY-TUB. Fr., Cuve a rincer ; Ger., Schldmmfass; Ital., Troguola; Span., 
Cubo d*j liii'ar, 

A dolly is a contrivance, turning on a vertical axis by a handle or winch, for facilitating the 
washing of ore ; a stirrer. 

DOME. Fr., Dome; Ger., Dorn; Ital., Cupola; Span., Cupula. 

Tu architecture, Jomc is a roof, or structure raised above the roof of an edifice, usually hemi- 
spherical in form, but sometimes the .segment of a spheroid, ellipse, polygon, or other similar 
figure; acujioliK 

The word is lusually applied to any erection resembling the dome or cupola of a building, as the 
upper part of a furnace, and the like. A steam-dome. See Boiler. Fi knaces. Locomotives. 

DONKEY-ENGINE. Fr., Machine h mi>eur auxiliairc; Ger., Kleme JJulfsdampfmaschine; 
Ital., -1/ wchina di alimcntazionc ; Span., Mdquina auxiUar. 

See Engine, Varieties of. 

DOVETAIL. Fr., Queue d^aronde; tenon a queue; Geb., Sckwnlbenscnwanz. 

The manner of fastening boards or timber together by letting one piece, in the form of a dove’s 
tail spread, or wedge reversed, into a correspouding cavity in another, so that it cannot be drawn 
out. Dovetail Machine^ see WooD Working Machines. 

DOWEL-PIN. Fr., Goujon; Ger., Diehl oder Db^tel ; Ital., Perno; Span., Pasndor. 

A dowel-pin may be of wchxI or metal, and is used for joining two pieces, as of wof»d, 
stones, or other niuterial, by inserting part of its length into one piece, the rest of it entering a 
corresponding bole in the other, as in the heads of a cask. A dowel-joint is a joint made by means 
of a dow'el. 

DRAG-BAB or DRAW-BAB. Fr., Barrc d^attelages; Geb., Die Kupplestamje ; Sbarra 

(Pattacco ; Span., Van motriza. 

A bar or link for attaching carriages together, or the moving power, as on railways; a coupling ; 
called a drau-Unk and draw-link. A strong iron bolt or pin passing through the end of a draq-tnir^ 
and serving to fasten the coupling of a lfx;oraotive and tender or that of two carriages on a railway, 
is terme<l a drag-bolt. See Buffer. Railway ENiJiNEERiNu. 

DRAINAGE. Fr., Drainage; Ger., Bntwiisserunq ; Ital., Fuqnaturn ; Span., 

Drainage is the mocle in which the waters of a country pass off by its streams and rivers. The 
system of drains and their operation, by which water is removed from towns, railway beds, and 
other works. See Irruiation. Irrigation and Drainage. Pipes and Culverts. Pumps and 
Pumping Engines. Traps, Drainage awl istmch. 

Drainage of Mtnes . — The draining of a mine is one of the most important subjects in practical 
mining operations. The waters which c^)mo down the walls in drojis gather into little streams, and 
these, united, form in exh-usive mines a eon.'sidenible body. The quantity of water w hich may be 
furnished by a mine is not easily estimated bcforehaml. Wo can form sonus opinion as to* the 
probable amount by reference the kind of rock which we jicnetrate, and the capacity of tbu 
country for springs and wells ; still this is no certain criterion, for the ground ami rwks may be dry 
at the surface, and yet contain much water benc'ath. The rock may Ix) covered by a layer of water- 
proof clay, which causes the surface to be wet and swampy; still, below it may be free from 
water, and a mine in such places iM?rf(x;tIy tlry. The elevation of a mine has an important infiu- 
ence upon the quantity of water which it may contain; most rock is accessible to water, which 
filtrates (h rough its crevices, and gathers below. It will accumulate where the filtration is checked, 
and the rocks become saturated. Some rocks are remarkably dry, others contain much water. 
Volcanic rocks and limestone do not furnish much water to a mine; granite, also, is dry. The 
American copper mines at Lake Superior, which are chiefly in trap rrxjk, are remarkably dry. 
Stmtifierl rock, of either transition or secondary formation, is dry at the surface when the strata is 
inclined, but there is abundance of watiT in its lower portions. A d(?ep mine in the gold region of 
the Southern States is always fouml to be very wet. Arr^ the strata of rock horizontal, or niwly 
so, the quantity of water is greater in the higher parts of the hills than below. The coal region of 
tile west of America furnishes sufficient evidence for this assertion. In all instances the quantity 
of wattT in a mine increases with its surface, that is. with the extent of its workings, apart from 
any other circumstaueo to influence it. When crevices are opened in the progress of work ' ‘ * 
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cioimunicaie with reservolis of water in the interior of the rook, or poole at the imrface, springs are 
furmed which frequently add coudiderably lo the waters of the mine. When a mine penetrates 
through a water>pioof of clay, gypsum, or a layer of limestone, the water is in most cases more 
abundant below than above such stratum. In most of the mines in operation, where a circulation 
of air is freely admitted, the quantity of water is generally greater in summer, spring, and fail than 
in winter. When the interior of a mine is warmer than the atmosphere it will furnish moisture to 
the latter in its circulation through the mine; aud when it is colder it will condense watery 
vapours of the air, which enter and increase the water. In all cases attention must be given to 
the manner in which the water penetrates, that its direct eScct on the workmen may be avoided. 
It not only annoys them, but delays the work, and causes the mineral unnecessarily to be more 
expensive, by interfering with the comfort of those engaged in its extraction. 

By Levels , — In forming a water-draiu in the pavement of a drift or a gallery, it is necessary to 
pay some attention to its form. The walls of the drain also should be smooth ; not that rough 
walls cause much friction, and diminish the velocity of the water, but because all the water issuing 
from the workrooms carries nlong some impurities — particles of rock, minerals, clay, and so on. 
This heavy matter will settle in rough, contracted, or crooked channels, more than in smooth and 
straight ou(>8; this sediment causes )k)oIs of water, which soon overflow the pavement, rendering 
the mine wet, disagreeable, and injurious to the health of the workmen. These defects may be 
avoided in some measure by giving more fall to the drain, but it will not remove the evils resulting 
from an imperfect form of the channel. When it is possible, the water channel should be locate^d 
on on(.> side of the gallery or drift, rather than in the middle of the floor. When the drain is 
covered by timber or planks, or a roadway, it is not easily accessible, and sediment may accumulate 
and ov(;rflow a portion of tlie mine before it is observed and can be removed. If the channel is on 
one side, it may always be uncovered and any obstruction is soon detected and removed. In all 
cases, no matter wliere the drain is located, it should be easy of access at any time. If parts of a 
drain are necessarily covered, where there is loose rock or gravel, it is advisable to make such parts 
spacious and of mason-work. Wooden culverts are liable to decay, particularly in a mine, and if 
the location of the culvert is inaccessible, it cannot easily be replaced without much disturbance. 
This is the more serious if Ibe roadway extends over such culverts. The size and fall of a drain are 
culculat(Hi according lo the laws regulating the motion of water in canals, but as there are many 
modifications of those laws, on account of obstructions, we are not justitied in referring to them. 
The location, size, aud fall of the drains are chiefly ascertained by observation. One foot fall in 
100 ft. of length is considered sufficient in all instances ; but as this, in long levels, causes a con- 
siderable loss in the depth of a mine, less fall is taken in many cases, and the size of the channels 
iucri’ast^d. One foot fall in 1000 It. causes a considerable current , but the water must be clear, or 
the ilrain is liable to obstruction. A deep ikkA provided at the bead of the drain will retain most 
of the mud issuing from the workrooms and roads, and pass the water free from sediment. Such 
pofds may be cleared of their contents when flllcd, and serve a good purpose in draining a mine to 
Its lowest depth. 

By Much ingenuity has been expended in the construction of pumps, in order to drain 

mines with the least possible expen.se. W'e shall not allude to the numerous forms of pumping 
machines which have been contrived in past times, nor to many of the imperfect means for pumping 
at presimt in use. We shall, however, descril^e that kind of machinery which is suitable to perform 
the most lalK)ur with the least expense. We have ppf»kenof the hoisting of water by means of the 
rope and barrel in former pajres. and shall conflne our present remarks to pumps only. Notwith- 
standing the progress in mechanics and the construction of machinery, we find men who waste lime 
and means on the invention of machinery for lifting water which never will successfully compete 
with well-coustructttl pumps. 'Plie principles governing the construction of pumps are not so 
generally observed as they should be. VV^e state, for this reasou, those laws which govern them. 

J^rinciples of the I’urnp. — 'I'liereare three principal kind.s of pumps — the sucking, the lifting, and 
the forcing pump; nil these are used in mines, and often the whole of them in one set. The 
sucking pump consists essentially of the cylinder, ibo sucking pipe, the piston with its valve, and 
the aleeping valve at the lower extremity of the sucking pipe. When the lower end of the sucking 
pipe is immersed in a reservoir containing water, and the piston in the cylinder raised,- the air 
contained in the space between the piston and tliti sleeping valve will expand, in proportion to the 
space evacuated by the piston. The density of the air without the pipe is greater than the density 
of that within, and pressing npem the water forces it into the pipe through the sucking valve so 
high as to protluce an equilibrium between the external aud internal air. As the air within is 
expanded in pro|K)rtion to the space moved by the piston, an equal amount of water will be pressed 
into the pump to fill the space evacuated by the piston. The density of the air within and that 
without having become equal, the sleeping valve vliuts by its own gravity, and prevents the flowing 
out of the water from the sucking pipe. I'he piston being now depressed, it will compress the air 
within ; this causes the valve to o^n, and the air escapes through it. It is easily conceived that 
this play of the piston, when repeated, will raise the water to a certain height. It would raise It 
to an indefinite height if the air, or the gas formed by water in a vacuum, was not elastic. When 
the column of water thus raised is equal to the pressure of the atmosphere upon the vacuum, which 
height is indicated by the barometer, the piston may be raised, but it will produce only an elastic 
fluid. ^ Kither the water will evajiorate and condense with the motion of the piston, or if there is 
any air in the pump it will expand and condense, following the motion of the piston. When 
nothing interferes with the motion of the water in the sucking pipe, and when the piston closes 
perfectly air-tight in the cylinder of the pump, the water may be raised to the average height of 
33 ft. — the greatest height 84 ft. In practice this height never can be obtained, for the following 
reasons ; — There is always a loss of height, because there is friction between the water and the 
piTO, which diminishes its motion. The sleeping valve always loses a little water as it shuts. 
The valve of the piston loses also from the same cause ; aud if the jiiston docs not fit closely to the 
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oyliQder, there is a loss of height in the water. As smooth surfaces diminish friction, partionlaCj 
between fluids and solid matter, it is of great importance to make the interior of pipes as smooth 
as possible. The loss of .power in the sleeping valve is partly caused by the weight of the valve 
resting the upward motion of the water, and partly by the impact of the valve when open, which 
prevents its quick return ; and as the water suffers loss from this cause, it will flow back before 
the valve is shut again. In both cases it is, therefore, advantageous to make the valve as light as 
possible, in order to oppose little or no obstacle to the motion of the water. The loss in power, or 
m the height of water in the pump, is here in proportion to the weight of the valve. If a sleeping 
valve covering 1 sq. in. weighed 15 lbs., it would not admit of the passage of any water, for that 
weight is equal to the pressure of the atmosphere. The weight of the valve causes therefore a 
loss in the proportion of its weight to that of the atmosphere. This loss is increased when we 
consider the impact of the valve. In the sleeping valve of a sucking pump there is, therefore, 
a considerable loss of power, which may be diminishctl or increased by altering the weight of the 
valve. The valve in the pi^on is not liable to the siiine objections as the sleeping valve. If the 
piston-valve is of great weight it will resist the motion of elastic fluids considerably ; that of 
water it cannot affect, but by the friction which it causes in opp(^ing its weight to the motion 
of the water. On the return of the piston, after having arrived at its culmination, a considerable 
loss is caused by the impact of the valve, which is greater in a heavy than in a light one. Wo 
see here, that the weight of a valve exerts considerable influence on the effect of a pump, par- 
ticularly on that of a sucking pump. 

The form of valves is of not less importance than their weight. A poppet-valve, in the form of 
a flat dish, is the most imperfect, because it is heavy, and docs not afford a favourable form for the 
passage of water. The conical poppet-valve is better than the flat dish. It causes loss disturb- 
ance in the current than the first valve, but it loses water because it is heavy and shuts slowly. 
Balls and cones are valves working well in small pumps, but are inapplicable in largo ones. In 
pumps for mines hardly any other form of valve can be a[)plied to advantage than that of the trap- 
valve. Wo allude to these particularly in the following remarks : valves should he as light as 
possible, for their weight must be lifted by the moving power before any water can pass. If the 
weight of a valve is great, the j)ower required for raising it must also be considerable. The weight 
of the valve should be so regulated that its pressure iqK)n its bearing may be small, and that it 
may be raised with the least jxjwor. When the valve is raised to its maximum, it should be as 
light as at the bottom, that its tendency to shut may not be retarded by impact. It must bo 
quicker in its returning motion than tlie motion of the water. We find hero that the horizontal 
position of a valve is contrary to principle, and that a jicrfectly vertical one is the best. The 
vertical valve has its disadvantages in connection with vertical pumps, benmuse it always requires 
curves to bo made in the pipes leading the water to and from it. Wliat is hero gained in the form 
of the valve is lost in the curve of tlie pi|>e8. It is therefore of little advantage to enqdoy vertical 
valves ; the same may be said of inclined valves ; and tho question rests then w ith the h(»rizontal 
trap-valve only. There is little doubt that this form is the most advantageous; but there are 
objections to the common metal valve, and also to the leather valve. The common metal valve, as 
represented in Fig. 2524, is a good one, but in heavy pumps it causes strong vibrations, and 
requires constant repair. This valve could be fastened to a spring, either of steel or iijdia-ruhbcr, 
so that it would be repulsed in every i)o8ition, and nowhere at rest. When a valve is sliut with 
pressure upon it, it must be so far lifted by a spring as to balance its own weight, and also some 
of the incumbent pressure of the water; but the spring must not open the valve. When it reaches 
its highest elevation a spring should force it back in advance of the returning water. 



If these conditions could be complied with in practice, there is no doubt but any kind of valve 
affording a large passage would answer. Such suitable arrangements with valves may be i)088iblo ; 
but we do not know of any which perform well and which we can recommend. Rec^mtly a 
most perfect form of valve for water-piunps of limited pressure has made its appearance. In 
Fig. 2525 we have represented one form of this valve, and in tho cf>ur8e of this article wo shall 
allude to some others. The valve is here formed simply by a shecjt of vulcanized india-rui)l)er, 
i of an inch thick in small valves, and increasing to i an inch in thickness in largo volvos. I’he 
under-side, upon which the rubber rests, is represented in Fig. 2.526. It is a cast-iron frame, 
round or square as the ease may be, having a cross-bar in tho middle of its area ui:K»n which the 
top and the rubber are screwed. The whole area of this plate consists of oblong openings for water, 
} of an inch in width for small pumps, and from that U i an inch in width for large pumps, and 
a pressure of 15 or 20 lbs. to the square inch. The oblong holes in this plate may form a grate 
like t^t in a stove, or the bars may be divided into compartments by cross-bars, which in the 
menatune stiffen the plate and prevent its injury by slight causes. The sheet of indiikrubber 
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wVob if terewed down In (he middle, U easily lifted by the slightest pressore from below, and the 
openingB in the bottom plate having a somewhat inclined direction, lift the valve very gently, and 
force it all at once to the full width against its angular support. It offers little or no resistance to 
the pMsing waiei by its own weight ; it merely diminishes the passage for water. With the 
returning stroke of the pump, the water presses back upon the valve, passing through holes in 
the angular support. This valve causes less loss of pow(>r than the best valves of other forms ; 
and gravity, which causes considerable contraction of the current of water in other cases, has little 
influence upon it. The small openings in the bottom plate occasion some loss of power by friction, 
but these holes may be polishea, and in that case the loss is small. The greatest advantage of 
this valve is its soft bearing and perfectly close fit, which in mines is of considerable importance, 
because the waters of a mine often contain iinfoirities and sand, which cause metal valves to close 
imperfectly. The simplicity of this valve is another recommendation which cannot be too highly 
appreciated in mines. 

Lifting Pump . — When water is raised in the sucking pipe, which in practice should not be 


higher than 20 or 25 ft., and the piston is hollow and provided with valves, it will pass through the 
piston and ascend to any height wo please. This height is limited only by the strength of 
material. In Fig. 2527 a lifting pump is represented, which shows the sleeping 
valve considerably above tlic lower extremity of tho sucking pipe. This arrange- 
ment is necessary where the sucking pipe dips into an inaccessible po(jl of water. 

In such cases all that kind of machinery which is liable to need repairs must be 

easily accessible. It is not necessary to place the sleeping valve in the cylin- - 

der, or close to tho piston, as shown in tho drawing. It is suflicient if the valve [ 

is above tho surface of the pool from which the pump draws its water. When ^ 

the water in the lifting pump is raised to the height necessary for its discharge, 

a mouth-piece is appended to the vertical pipe, which may be directed to any 

point which well secures the flowing off of tlio water. In this case, as well as 

in that of the sleeping valve, the form of valve and its operation has a decided | 3fa jl 

influence upon the effect of tlie pump. If the valve in the piston is heavy it 

will press upon the passing water, contract tlie passage for it, and cause friction. 

If the material of tho pump, that is, piston-rod, levers, or other machinery con- 

nected with it, is clastic, or if any gas is in the water, or tho water warm, the 

elasticity thus produced will cause an oscillation in the column of water above aL ^ Ja 

the piston, and this by its inijiact will occasion a considerable loss of power, 

particularly when the column of water is high. It is therefore necessary, iu 

order to produce the best effect in a lifting pump, that the valves should be light E-jf 

and the machinery of the most rigid material. The above-mentioned valve, 

with iron pumps ami machinery, is for these reasons tho most perfect. 

Of Pidons , — It is an essential condition in pumps that pistons should fit 
closely to the sides of the cylinder. This object cannot be obtainetl in square 
pumps, for which reason they are imjx'rfwt machines. Woodf?n cylinders are '2 

liable to abrasion, and consequently soon cause leakage at the piston, for which y: 

reason wooil is a very imperfect material for pumps, even for those of low eleva- ^ 

tion. Wood is not strong nor close-grained; it is liable to filtration through 
its pores, and is therefore not suitable for making good pumps for high eleva- 
tions. Pistons should fit tight in the cylinder, and afford as much ojiening for 
tho pa^go of water as ])ossible. In Fig. 2528 we represent a piston, which, 
according to our preamt knowledge, is tlie most perfect for a lifting 

pump of limited height. It is made of iron or brass, as the case may ^ 

De, cast in one piec^, and turned. The packing is product'll by a series — T1 ^ T 

of steel rings, one laid on the top of the other, so as to fit closely 
between themselves; these rings are spriug-lmrdent'd. and their din- U 

meter is somewhat larger than the diameter of the cylinder of the pump, 
so that the elasticity of the rings may cause a close fit in all parbi. ~ 

These rings are held at the face of the piston and in their places by a — m 

circular ring screwed firmly on the top of the piston, so as to give but ^ _ 

very little play to them. The length of ono of these rings is a little TTl TTTT 11 1 1 1 iT 
less than the circumference of tho cylinder, and the ojien space thus ij j-U ■ ■ y|i 

caused in ono of the rings is covered by the sound part of the next Z IL JL X 

ri ig. Tho piston itself forms a grate, similar to that represented in 

Fig. 2525, with this difference, that here no solid bar traverses the area^ L 

It is entirely comixiscd of small bars and oblong or rectangular spaces ; 

the centre, containing the pistou-rml and tho circumference, shows tho only solid parts. Above the 
piston, some inches distant, r round plate is screwed to the rod, which is permanently fixed in its 
place. This plate is also pierced with a numlicr of round holes, or forms a grating of oblong 
apertures, similar to those in the jiiston. A sheet of vulcanized india-rubber, larger than the last- 
described plate, plays up and down with each stroke of the pump, resting either upon the piston, 
in the upward motion, or against the plate in the downward motion of the piston. In this manner 
the apertures in the piston are either shut or opened, according to the motion of the piston. ^ The 
water thus passing through the apertures finds a circular space around the plate above, which ia 
its passage. In this arrangement a considerable loss of power is caused by the descent of the 
india-rubber sheet. This loss is equal to a part of the distance traverseil by the sheet, ^mpared 
to Ihe stroke of tho pump. We may here employ tho valve shown in Fig. 2525 ; but tliis diminishes 
the aperture in the piston by the solid bar in uio diameter ; still we are inclined to consider the 
form of Fig. 2526 superior to that of Fig. 2528. 

El — kind of pump has no valve in the piston, by which it is chiefly distinguished 
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fhsm the lifting pump. The piston is here solid, and the ^ter is driven tosome side pipe in wHbh 
the lifting valve is fastened. In Fig. 2529 a common force-pump is shown. The solid piston is 
moving in a metal cylinder, which may be either of cast iron, brass, copper, or other metal. The 
water is sucked from the pool by its upward motion, and drawn into the cylinder; when it 
returns or descends, the wa^ is forced out of the cylinder, and the sucking valve closes, "nie 
force-valve is now opened, which admits the water into a pipe, when it may bo raised to the desired 
height. 

We here very soon perceive what causes the chief loss of power in this pump. The watei\ in 
being drawn into the cylinder, has attained a certain direction in its motion, and when arrived at 
its maximum of speed and elevation, it is sud- 
denly stopped and its motion changed. Water 2530. 

is almost inelastic, and any sudden alteration in (1 Q R i ^ ■ 

the direction of its motion will create consider- - 

able resistance in its particles ; it therefore reacts i ' 

upon the piston, causing much loss of powc^r. 

luis loss increas(^8 more rapidly than the speed of rJ i 

the piston, and, perhaps, is not far from the cube 1 W 

of that speed. These pumps are not well adapted , , 

for use in mines. They r^uire much repair, are f j r 

expensive in the first cost, and also in consequence — "a 

of loss of power. 34%^ ■>? V I — ^ 

Force-pumps similar in principle to the above, flfSv I 

but different in construction, are extensively em- 

ployed in English mines, and in water-worKs for r 

supplying cities with water. This circumstance T 

is a recommendation, but it does not make these 1 | ^ 

pumps better ; and if we blindly imitate what has 

been done by others, we may be led into the same “ f v I 

error. h;Thi££ji£rfl=“:“_£‘r__- 

Pig. 2530 is of a pump of this kind. Instead — : . . 1.11 | 

of a piston a plunger is used, or second cylinder " “ 

playing in the main cylinder, which latter is here a common strong cast-iron pipe. 

The only advantage this pump potsesses over the above-mentioned force-pump is 

the absence of tbe piston-rod, which does away with the stuffing box for it, and 

also the friction caused by it. This, however, appears to be? a small advantage, . 

when we consider that the stuffing box for the pump. Fig. 2.529, is a mere guide, 

and tliat a piston can be more accurately adjusted to the cylinder, so as to afford h * *! 

a close packing, than a plunger. The motion of the water is here the same, and a 

similar Kind of action and region is produced, and the same loss of j)ower must consequently ensue. 

These pumps are useful when an exceedingly slow motion of the piston is sufficient to raise the 

required amount of water. If a pump of this kind is choB(m of sufficient dimensions to do the work 

with a slow motion, it will answer admirably well ; but lifting pumps of large dimensions work as 

well, or even better. In leading pipes a long distance, or forcing water to a considerable height 

by one set of pumps, it is most useful to employ force-pumps, l^ecause when tlie piston-rod of the 

lifting pump descends through long pipes, its size is greatly increased, and the pifK^s must be m^e 

wide and strong. Force-pumps are therefore necessary in deep mines, where no room can bo 

provided for a successive set of lifting pumjis. 

Pipes. — This is a subject of considerable interest in relation to the drainage of mines by 
numps ; for all the water raised by the pump must be e/)nducted in suitable pipes to the desired 
height ; and as the expense caused in their purchase is an important item, it would be well to 
ascertain the most profitable dimensions, in order to avoid unnecessary cx^st as well as imperfect 
work. When a pipe is filled with water, or any fluid, it presses ui)oii the sides of the pipe with a 
force proportionate to the head. Pipes must be equally wide throughout their length ; no contrac- 
tions of any kind should be permitt^ ; even bulgings are disadvantageous to the motion of water 
when imperfectly made. Curves, and particularly sharp angles, are highly objectionable. If such 
angles or knees cannot be avoided, it is necessary to make the radius for the curvature as long as 
possible. When such a curvature is not a part of a small circle, and not an acute angle, its influ- 
ence on the motion of water in the pipe may be neglected ; but in all cases where a pipe turns 
short, or doubles an angl^ the loss in jx)wcr must be taken into the calculation. 

The fnction of water in pipes is considerable, jiarticularly under great velocities. If we call V 
the velocity with which water flows in straight pips, L the length of the pipes, H the height of 
water or head, and B the radius of tbe pipe, the velocity in the pipe will 

V = 53 58 X -v/ HZ®. 


It followB from il^ that the Iobb to power inoreoses with the square of the velocity, and that 
the least velocity is the most advantageous in practice. Fre(jiiently we find the velocities in water 
ofmduit pipes great, and of course a considerable loss of power is experienced. As a rule, we may 
state that water should not move with a greater velocity than 4 ft. per second in smooth and 
stiinght pips. In curved pi^ the velocity should bo less, and in curved and contracted pipes 
Bti 1 leu. In the latter cm ^ velocity should not exceed 2 ft. per second, and this should^ 
red^ one-half if the mpe is kmger than 100 diameters. We thus perceive that curves and 
contractions in topes, to ^i«* tonghneu may bo added, are imperfections which should be avoided 
by aU nmaiiB. They make it necessary to increase the width of the pipes, and thus tbe cost is 
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# T1i 6 tlddmem required for pif^ is determined by the pressure which may act upon their walls. 
The higher the water is in a vertical pipe, the greater is the pressure it will exert, and hence the 
stren^h of the pipe must be proportionate. As the tendency to rupture also increases with 
the diameter of the pipe, it follows that the larger the diameter the more metal will be requir^ 
to withstand the pressure. If we call the diameters of two pipes D and d, the perpendicular 
height of water in the pipes H and A, and the thickness of the pipes T and we obtain the follow- 
ing equation, T:t:!H)^D:Axd. When the value of one of these sizes for a certain material 
is known, we obtain the other very readily; that is, if we know that a certain pipe is strong 
enough to resist a certain pressure, we find the thickness of another pipe by substituting the 
values in the equation. 

Experiments on various materials have shown that if wo express B = T in twelfths of an 
inch, H in feet, and D in inches, the strength of material must be as the following numbers. 


inch, H in fee 
For lead, E = 
^ H X D 


H X D 
80 ’ 


for cast iron, £ = - 


and for wooden pipes with iron rings. 


Tho thickness of a pipe is therefore as the height, and it should increase with the 


latter. When a set of pipes of a certain height are properly constructed, the upper part may bo 
either thinner, or made of a weaker matcrinl in case it is cheaper. Cast-iron pipes are the most 
common in mines, and in fact are the only practicable pipes ; but as this material is liable to great 
variation in quality, and also the thickne.s8 of cast iron cannot be depended iqwn for uniformity, 
w'o should increase the strength found by the above formula at least 25 or 30 per cent. We find, 
th(jn, for a cast-iron pipe which is to bear a pre.ssure of water 50 ft. high, and 6 in. in diameter, 

E = = 1 * 5, or of an inch in thickness. Such a pij)e cannot bo cast, and w^e may assume 


that a cast-iron pipe of G-in. bore must contain | an inch of iron. This would afford strength for 
200 ft. hea^l, but as tho formula indicates the extreme thickness, it is advisable not to extend pipes 
of ^ an inch metal and G-in. l>ore lower down than 150 ft. Each additional 40 ft. in depth requires 
^ of an inch additional thickness of metal. 

The quantity of water furnished hy a stroke of a pump ia exactly equal to the space which is 
formed by the i)i8ton in tho cylinder; tliat is, it is equivalent to the heiglit of stroke multiplied by 
the area of the pistou. If R is the radius of tho piston, or boro of the cylinder, and B the stroke of 
the pump, tho (juantity of water furnished by each stroke = R* x 3* 1415 x S. The height to 
which the water is lifted has no influence upon this result. We assume in this formula that no 
water is lost by tho valves, which is not the case, as W'C have seen al)ove. As this loss depends 
u[Km the form of the valve, wo cannot introduce a general coefficient which sluill express it. The 
lo.HS is often considerable, but as the water is not lifted which thus flows back, the diminution of 
|X)wer is not directly as the quantity, but a permanent part of it. I/cakage between the piston and 
the cylinder is cjilculated on similar princij)les as the loss caused by the valves. 

Ily actual experiment, it has bccTi found that a man may lift 80 gallons of water in one minute 
10 ft. high, by a good pump. He will, tliereforc, lift IGO gallons 5 ft. high, and 40 gallons 20 ft. 
high in the same time. The lalsnir pijrforraed by men, animals, and machinery is always a product 
of time and {x>wer ; and as a man or a machine mn make aclvantageously but a certain number of 
motions in a ctirtnin time when applying their i>ower, we are under tlic necessity of modifying the 
dimensions of a pump to tin* kiixi and form of motive power w hich wc employ. A man may make 
from GO to 80 motions per minute without overH*xertion ; the contractions of the muscles admit of 
such a numl)er; and if a man, or a number of men, are employed to move a piston directly, or by 
a lever, the dimensions used must 1)6 such that the power of the men can be profitably applied. 
The alx)ve standard, that is, 80 gallons lifted 10 ft. in one minute, is a high result for a man’s 
labour. It brings tlio unit of his i)ower to80x8xl0 = 6400 lbs. 1 ft. high in one minute, a 
result which is, for the average of human labour, bv one-half too high. Here, however, as in all 
oases when we calculate the size of a piunp, it is advantageous to assume a high standard of the 
unit i)ower, Ix^causo it will furnish a larger-sized pump than a low standard. We take thus for 
one man, GlOO lbs. lifted 1 ft. high in one minute; for the labour of an ox, 15,000; for that of a 
mule, 20,000 : and for that of a horse, 30,000 ; and for a steam-engine or a water-w heel, 40,000 may be 
assumed. But ns tho elements by which the labour of such machines is estimated are exceedingly 
variable, we calculate the size of pumps according to tho quantity of water which is to be lifted by 
them. A man may lift by his arms a certain load eighty times 2 ft. high, and if he is to lift 80 gallons 
10 ft. high in a minute, he must lift 1 gallon 10 ft. high with every stroke, or every motion of his 
body ; and as his hands can move but 2 ft. high, he must either apply a lever of 1 : 5, or lift the 
same quantity of water which is in tho space of the 10 ft. in height, only 2 ft. high. We have seen 
above that winter in pipes should not move with a greater velocity than 3 ft. per second, and for 
practical purposes 2 ft. are preferable to 3. When water is to be lifted 10 ft. high eighty times in a 

80 X 10 

minute, this will give a velocity of — = 13 3 ft. this divided by 2 furnishes a motion nearly 

seven times too rapid for water in pipes. Tho dimension of the pipe must be such fw to ^ntain 
1 gallon of water in 1 *9 ft. of length. If now the piston or the cylinder is equally wide with the 
pipe, the man must be placed so as to make 2 ft. motion in producing 1*9 ft. in the pump. The 
piston or cylinder of a pump is generally made larger in diameter than the pipes, because the valve 
contracts the passage in small pumps at least to one-half, and the cylinder ia for these re^ns one- 
half wider than the pipes, which causes it to have twice the area of the pipe. The velocity of the 

1*9 

piston is therefore half that of the water in the pipes, and amounts to = *95 of a foot for each 
motion of the man. This *95 of a foot in length of the cylinder must contain 1 gallon of water. 
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and BB 1 gallon is ^ of a onbio foot, the diameter of the piston mnst be, when a gallon is 215 
equal to 5 in. In this oaloulation we have not estimated the loss of water caused by the valves. 
If we assume that this is J of the whole amount of water raised by each stroke, the diameter of the 
cylinder must be 6 in. in order to furnish the 80 gallons jior minute. To this pump a lever must 
be applied, at the longest end of which the man works. As his motion is 2 ft., the leverage 


must be 


2 


, or nearly 2 to 1. 


This calculation* is applied to a height of 10 ft., and if the motion is only 2 ft., the area of the 
piston must be five times as large, or the stroke five times increased. If the height to which the 
water must be raised is 20 ft., the area of the piston can bo half of that for 10 ft., or the stroke of 
the pump must be diminished as the height increases. Ten times the height of water requires a 
piston ten times less, and ten times smaller pipes for the same amount of water. As the areas are 
as the squares of the diameters, the diameter of a pump is inversely as the square root of the 
heights, or as the square roots of the quantities of water. Generally, the diameters of pumps are 


D:d::VHxQ:VAx?, in which formula D and d ore diameters, H and h heights, Q and 


q quantities. 

Loss of Power in Pumps. — The loss of power in a pump is caused by the friction of the piston on 
the sides of the cylinder ; friction in the machinery which sets the piston in motion ; and friction 
of water in the pipes and valves, and imfiact. The friction of a good metallic piston is not more 
than or ^ of that of the power applied. Leather, hemp, or india-rubber cause ^ loss of the 
power applied. The loss by friction uetween cast iron and wrought iron is | of the moving power ; 
it is less between brass and iron. Iron is very much corrodcil by the water of a mine, and if the 
first cost b not considered, it is advisable to line the pump cylinders or plungers with brass. The 
height of a piston should be at least ^ of the diameter for metal packing ; and for steel rings at 
least I of that length should be the length of the packing. The friction caused by those parts of 
the machinery vrhich set the piston in motion is cM]unl to tliat of the piston itself, when well made. 
All other losses, added to the above, increase the losij r)f jM^wer — in a gofnl pump to one-third of the 
power applied; in ordinary pumps to one-half; and in ill-constructed pumps to still more than 
oue-half. 


Length of Stroke . — ^Thcre must be a certain limit of the length of stroke ; it is asserted that in 
the largest pumps the stroke siiould not be more than 8 to 10 ft., and in hand-pumps proix)rtion- 
ately less. Wo nave seen on what basis the stroke of a pump is calculated for any i)ower. That 
rule, however, would make the stroke in heavy pumps too short. A consideration which has most 
influence upon the length of stroke is the loss of water through tlie valves, which amounts to a 
considerable percentage in pumps with large valves and short stroke ; and as this loss is uniform, 
and is the same for the long or the short stroke, it follows tlmt a long stroke* offers advantages in 
this respect. Another consideration is the size of the piston-rods ; here the advantage is in favour 
of the long stroke, because the force required to move a small piston is not groat as that to move 
a large one, and the section of the rod may be smaller for these roason.s. The only ohjection t<> the 
long stroke is the loss of power by increased friction in consequence of tlio dimniishoil diameter. 
This loss, however, is not serious, considering the advantages of the long stroke*. In this resjject 
the force-pump with a plunger has advantages over the lifting pump, because it has no valve, and 
its size may be ^ual to that of the pipes, while tiiat of the lifting pump must be twice as large as 
the latter, and in very large pumps at least times that of the size of the pipes. Wo see no 
serious objections to any length of stroke, which is not limited by practical considerations. It may 
be urged that long cylinders cannot be bored correctly ; this is no serious obstacle, for a plunger 
may be turned 40 ft. long and be perfectly straight and round ; and if the advantages of a long 
stroke are so favourable as to outweigh those of the lifting pnmp over the force-pump, there is no 
objection to the latter. 


Piston-Rods. — In large and also in deep pumps, the piston-rod is an object of particular atten- 
tion, and various means have been suggested to overcome the objections to long rods. This circum- 
stance alone is sufficient to balance all the advantages which may arise from an inclined shaft. The 
pumps may be set vertically in all cases, but the pump-rods are subject to the direction of tho 
shafts and drifts. In inclined drifts or shafts, a pump-rod is generally commsod of a number of 
short rods, which are supported and connected by levers which rest on axes. In Fig. 2531 is repre- 
sented a system of such rcxls. These are made of wockI, mounted at the ends with iron. Tho wliolo 
system of these rods plays thus with the oscillating motion of tho crank, and as they must bo neces- 
sarily heavy, a great deal of power is lost by friction. Iron rods cannot bo ap})]ied in these cases, 
because the distance from one support to tho other must be made as long as jmssible. This is 
often, with wo^iden rods, 50 ft, and from that to 100 ft., for one length between two 8up{>orts. An 
oscillating motion of auy power may thus be carritKl to a considerable distance ; it has been ex- 
tended in old mines to many thousands of feet. In vertical shafts, similar pump-rods are used ; of 
course these are not supported at certain lengths; the wood is screwed together, and if tho depth 
of the mine is great, the rods are supported by chains slung over pulleys. In Figs. 2532 h) 2534, 
we show the arrangement as it is commonly made. Tho pump-rods arc of wood, carefully splict^, 
and secured by layers of timber and iron hoops. The sticks of which the whole length is compoBcnl 
are carefully straightened, hewn, and planed. We represent in the engraving three parts of the 
whole of a pump,— an upper port, Fig. 2532 ; a middle part, Fig. 2533 ; and a lower part, Fig. 2534. 
The mine may be of any depth ; the form of the upper and tho lower parts is always the same ; the 
middle part is made longer or shorter, or the number of pulleys increased, as circumstances may 
demand. We see here the lower part of the whole set of pumps consists of a sucking and lifting 
pump, all the other parts, however^many there may bo, arc force-pumps with plungers. The weight 
of the whole length of the piston-rods, plungers, and all the moving appendages, is here equal to 
the column of water, or to the united sectional surfaces of the plungers, inclusive of tho friction of 
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te water in the pnmi^ and the friction in the machinery of the piston-rod. Hence the weight of 
le piston-rod will in its descent set all the pumps in operation, and the engine which drlTes the 



pumps has merely to lift the 
piston-rods. This arrange- 
ment is judicious, for hy it 
the rods aro prevented from 
receiving the pushing force, 
and it provides against vi- 
brations. The iykI has hero 
to sustain the direct strain 
only ; and as wood as well ns 
wrought iron is strongest 
when the force is directly 
applied, the material is in 
this position uh(k1 to the best 
advantage. Wooden pump- 
rods aro in this case, as in 
most others, preferable to 
metal rods. We shall en- 
deavour to explain the cause 
of this hereafter. 

In the construction of 
pumps for deep mines, pump- 
rods form a most important 
particular. They fr(*quently 
are the only cause why a suc- 
cession of pumps is set one 
above the other, and if wo 
endeavour to limit the num- 
ber of pum|)8, we lose the 
advantage arising from work- 
ing the pump by the gravity 
of the rod, or wo are exposed 
to injurious vibrations. If 
wo apply lifting pumps, we 
m y raise a column of water 
to any height by one pump, 
but this requires gciiornlly 
ponderous piston-rods, and is 
soon abandoned, and the sets 
of pumps multiplied. This 
division of the whole height 
of a pump into various sets 
is in many respects advanta- 
geous ; the rods and the pipes 
may bo lighter, and all the 
machinery connected with 
them, so that a number of 
pumps of a certain height 
each is preferable to one pump extending the whole height. Tn all cases where the height ot 
one pump exceeds the advantages which may be derived from tiie peculiarity of the mate^^ of 
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which the pump is ooustruoted, we limit that height to the nature of the material. We hcwe 
seen that cast-iron pi^ of 6 in. in diameter cannot be oast thinner than } an inch. If we need 
pipes only 6 in. wide, it would be disadvantageous to take a less height for the pump than 150 ft., 
oecause oast iron of that thickness can bear the pressure of a column of water of tliat height. If 
the pipes are wider than 6 in., the height of the pumps must be diminished accordingly, or the 
thickness of metal increased. If the pump or pipe is 12 in. wide, the height can be only 75 ft., or 
the thickness of the iron must be 1 in. Are the pumps narrower tlian 6 in. in diameter, either the 
iron can be made thinner, or, which is preferable, the height of the pumps may be increased. 

One set of pumps is not often made higher than 150 ft., and from that to 100 ft. Each set throws 
its water into a firmly-placed cistern, from which the next pump sucks it. The lowest set, or the 
lifting pump, is generally not very high, and seldom exceeds 40 or 50 ft. The water in mines con- 
tains always a Is^ge quantity of air, which is mostly thrown out at the first pump : if this air is 
permitted to pass into the next pump, an equal volume of water is replaced by air, and of course 
the pump does not throw so muen water as calculated. The sucking part of the pump is for these 
reasons never very high, and often it does not exceed 8 or 10 ft. The pumps are loagcd and fas- 
tened upon a part of the rock. In a vertical pit, this is excavated so wide as to admit the passage 
of the platforms and of the workmen ; but the remainder of the space of the section is appropriattni 
to the pumps. Such a projection extends often 8 ft. into the pit, which forms, when in solid rock, 
a strong chin or bracket. The cistern rests partly on this bracket ; the largest part of i^ how- 
ever, is sunk into the rock, a chamber having been excavated, with a floor on a level with the 
upper edge of the bracket. The bracket is generally some few feet high, and the shaft below 
resumes its usual form. The division of a pump in deep pits has also otlier advantages, one of 
which is that of collecting the water from each lieight of a set of pumps. The water in o.(mung 
down from above one of the cisterns is gathered into it by means of an inclined gutter cut in the 
rock, or fastened to it. If the depth of the mine is divided into various work-levels, the water from 
each level is gathered in the next cistern below it. 

Setting of a Pump . — Whenever a shaft is sunk to such a depth as to require a pump ; that is, if 
the use of the whim and the barrel cannot keep the mine dry. the first or lowest set of pumps is 
let down uj)on the bottom of the pit. It consists of a cylinder with a valve-piston, and forms 
a sucking and lifting pump. This is of a size sufficient for the whole depth of the mine, and 
when once lowered it is never raised again. It is suspended on two pairs of blocks or pulleys, as 
represented in Fig. 2535. It is w^cll fastened above, so as to secure it firmly in its place, and the 
piston-rod, which is in the interior of the straight pipes, is securtnl by 
a stuffing box. The piston lifts the water high above the top of the 
pump. At the upper part of the highest piiie a leather hose is at- 
tached, ill which the water is either conducted to the nearest cisteni, 
in case there is already a set of pumps fastened in the shaft, or to 
the surface, and discharged. This flexible hose allows the pump to 
bo gradually lowered, as the bottom of the pit is sunk deeper by tlic* 
workmen. In some cases the lower part of the pump— that is, the 
pipe with the basket — is replaced by a piece of strtmg leather hose, 
which is flexible, and may be put into any pool in the bottom of the 
pit, the workmen having previously made a cavity ff>r ^thering the 
water. In the drawing wo represent the basket which dips into 
the water as composed of parallel rods, instead of round holes bored 
into the pipe. These oblong cavities do not fill so soon with dtdiri.s 
of rock, and may be made narrower, affording still a larger passage 
for water than round apertures. In some in8tance.s the lowest part of 
the pipe is provided with a trumpet-shaped mouth, and a basket is at- 
tached to the pipe. The latter arrangement offers more basket surface, 
and is not so liable to be filled by particles of rock as the pierced pip^^ 

Proposal of a New Method for Setting Pumps. — Most of the mines 
in the United States are not very deep, seldom more than 800 or 400 ft. 

Those of the latter depth are very few; most of them also are little 
below the water levels of the country, and many years may elapse before 
miners are compelled to extract mineral from deep ones. Many of the mines, however, contain 
large quantities of water, which prevents the working of them. The means required to erect an 
expensive pumping machine are comparatively great, and in most cases it is not certain that the 
mines will repay the expenses incurred ; wo therefore propose the following arrangement, which 
may in some instances facilitate the working of a profitable mine, now dead for want of means to 
construct a sufficient number of pumps. 

Any mine may be worked by means of inclined shafts, and if they interfere with the erection 
of common pumps, and also with the hoisting apparatus, the difficulty may be remedied if the 
machinery is adapted to the peculiar form of the shaft. The excavating of an inclined drift or 
shaft is on the whole not more expensive than that of a vertical shaft ; its length is greater, but 
the work may be performed with more ease and on lower terms for the removal of the same amount 
of rock. We represent in Figs. 2536, 2537, this system, and shall foini out ite advantages presently. 
Fig. 2536 shows an inclined shaft, whose slope may h& more or less than 45^^, but in all instances 
it should be sufficient to admit of the use of carriage platforms on which the oars from the galleries 
may be driven and hoisted as they come from the workrooms. The shaft has the width for one 
track of railro^ calculated to carry as much mineral as the mine may furnish ; the platform being 
of sufficient size for taking as many cars as may be required for one trip. The hotsting is there- 
fore done all on one track, and as a wire rope may oe made sufficiently strong for any load, no matter 
how heavy, there is no objection to its boisting all the mineral on one platform. Tho platform 
thus travels up mid down on the same track, which causes apparently a loss uf power, but not in 
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BB we i^n see pneently. The wire rope which 
npQa ft drum on the top of the slope, or it may 


ftronnd a gniding pnlley below, is 
conducted over a grooved pulley and 


3536. 



2537. 


<i 




worked by adhesion. A drum connected with the engine at the top, upon 
which the rope winds, has great advantages in resp^t to the durability of 
the rope, but where economy in first cost is an object to the miner, the 
groove pulley mav answer the purpose. One half of the shaft is allotted 
to the pumps and the stairs by wnich the miners descend and ascend. That 
part in which the pump are distributed is more distinctly shown in Fig. 

2587. We see there the wagon-track for the platform, aud a number of 
pump distributed along the second rop. At each pump is a pulley, around 
which the wire rope is slung, and this drives the pump. We represent in the 
drawing the pumps as sunk in the ground ; there is no necessity for doing 
this; they may be laid on the floor of the drift or posted upright. As to 
rota^ pump, any kind which will furnish most water by the application 
of the smallest power is right. One condition, however, must be observed 
in determining on the plan for these pumps ; that is, the rope travels back- 
wards and forwards, and the pumps must work to both motions. Pumps 
which are driven by a crank offer no difficulty m that respect, although 
some kinds of rotary pumps work only in one direction. Any number of 
pumps may be employed with the greatest facility ; and if expense is a 
consideration, the cheapest kind of pumps, those which throw water but 40 
or 50 ft. high, may be used. If, in the course of the work, it is found that 
the pumps in operation are too small for the labour assigned to them, an 
addition to their number may be made instead ot throwing the old pumps 
out. The leading principle is here to employ a large number of small 
pumps, of limited lift, instead of only a tew reaching to a great depth, and 
lifting with each set to the height of 150 or 200 ft. 

This system of working a mine Is not confined to the slope ; it may be 
used t > ooual advantage in the vortical pit or horizontal drift, as is shown 
in the following figure. The inclined pit is, however, cheaper than the 
vertical one ; and as the objections to it are removt'd by this kind of ma- 
chineiy, we c/msider it to be the most advantageous form for hoisting, 
pumping, and ventilation. If this inclined pit is of the same size as a ver- 
tical pit, and if its length is greater than the latter, it may be excavatcMl 
cheaper, particularly in atratified rock. A cubic yard of a vertical pit will 
cost at least twice the price of a cubic yard in the horizontal drift ; and if 
the work in the slope cannot be done quite as cheap as in the drift, it will 
cost but little more. In all instances there is not much more room required 
in the slope than in the shaft. 

In Fig. 2588 we represent the same principle adapted to a vertical shaft. 

In foot it does not make any essential difference if the system is applied 
either to the one or the other form of entrance. Tlio chief objection to the 
vertical shaft is its admitting only a small platform, which, oven if it takes as much mineral as the 
^large platform of the slope, or that of the drift, it requires more time to unload. Assuming that in 
iftost, if not in all oases, the dog-cart is the most profitable in our mines of limited extent, that 
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tturt mnst be admttted upon the platfiorm at onoe, and also easily remoTed. When a lai^ qua «- 
tity of mineral, snoh as oo^ is to oe hoisted, a nnmber of carts most find room at once on thh plat- 
form, without being much crowded. It is not objectionable to make the platform of an inclined 
plane in the form of steps, so that it may afford a largo area. To this arrangement there is, how- 
eTer, some objeotian in the Yertioal pit, because it would require a high tower to bring ail the 
platforms, if more than one, above ground and unload them with dispatch. It needs scarcely to 
TO stated that the rope which drives the pumps requires no greater strength than is necessary for 
Uiat purpose. Either rope, it may be that for hoisting or for pumping, has its peculiar size. Both 
ropes noM not be of equid size. 

In respect to ventilation, this system offers peculiar advantages. Where no air-shaft can be 
located conveniently a blower may be placed at tlie bottom of the pit, and driven by the guide- 
pulley. The chanrag rotation of that pulley is no objection, for if a common fun-blower with 
radial vanes is emmoyed, it does not mi&e much difference which way it is driven. The blower is 
here at the best piaoe in the whole mine. The air is here heaviest and of most force. 

Various Forms of Pumps. — In conclusion, we fumisli various forms of pumps now in use, and 
select such spedmens as are most suitable to secure the desired effect with the least labour and 
expense. Wnen water is to be lifted only 2 or 3 ft., the use of the common water-bucket is alxuit 
as profitable as any instrument we could apply, particularly if no other motive power but that of 
man oan be employed. If oiroumstanoes aomit of the use of animal power, or water, or steam- 
engines, these of course are preferable to human labour, because the^ are cheaper. If a unit of 
power is represented m that of a horse-power in the steam-engine, which is by general agreement 
83,000 lbs. lifted 1 fi*high per minute, and we calculate the cost of that unit in the various means 
by which machinery or pumps may be driven, we find the expenses for one hour as follows; — The 
cost of that unit of power in a water-wheel is very small, and amounts to the interest on the capital 
invested. If we neglect this item in all cases, which properly may be done, because it is variable 
and depends chiefly on localities, we find the cost of one horse-power in the water-wheel ikh* hour 
a mere nominal sum. The same unit causes in a Cornish steam-engine the use of 3*5 lbs. of coal, 
to which the wages of engineer and fireman, and also the cost of repairs must be added, which may 
increase the expense about 1 cent per hour in large engines, and 2 cents in small engines. The 
price of coal is very variable in the United States, and so must be the cost of power in a steam- 
engine. A common engine with crank and fly-wheel, well made, and of at least 100 hor8e'jx>wer, 
will consume 5 lbs. of coal for the same power. A steam-engine of less power and high pressure, 
will consume 10 lbs. ; and a small engine, of from 15 to 20 lbs. of coal jHjr hour and per horse- 
power. The actual cost may be little more than 1 cent in the best engines, and about 10 cents in 
small engines and with high-priced fuel. A tmit of power will cost in a 
horse from 20 to 50 cents ; in the ox and mule about the same. Human 
labour will cost at least $ 1 for the amount done by the water-wheel for 
nothing, and by a good steam-engiuo for 1 cent. As the lifting of water 
is an operation which requires constant and in most cases great power, it 
is well worth while to give close attention to the engine wMch drives the 
pumps, and to the constoction of the pumps also. 

If water is to be lifted only 10 or 12 ft. high, wooden pumps may 
answer the purpose ; but as in this instance a saving in the cost of lal^our 
is of importance, the common wooden pump will not answer. Where only 
a small quantity of water is to bo lifted, the common Imnd-whim or horse- 
whim is used, together with the barrel or kibbel, the use of which is limited 
to small mines or small quantities of water. A wooden pump is repre- 
sented in Fig. 2539. It is constructed of 2-in. plank, ana well provided 
with iron hoops for securing its joints. The lower part of the pump has a 
short sucking pipe, and some projections to sustain the lower extremity 
above the bottom of the pit. This sucking pipe, which may be 2 ft. long, 
is required to prevent fragments of stone from entering the valve ana 
pump, because these will drop in the downward str()ke of tlie pump when 
the water is at rest in the sacking pipe. The piston is a block of wood 
through which some auger-holes are bored. The piston-rod may be either 
of iron or wood; in the latter case it should be mounted with iron, in 
order to fasten it firmly to the piston. The valves are made of sole- 
lather, or, what is better, vulcanized india-rubber, provided on the upptT 
mdo with a piece of sheet metal, riveted to the leather. The latkr must 
be large enough to cover the whole area of the opening, to prevent injury 

to the leather. These pumps may be made 12 in. square inside, and even wider than that, but it 
is not profitable to make them less than in. square. Water cannot well bo lifted with these pumps 
to a greater height than 12 ft. 

Sprinfj-Poies for Pumps. — The means by which to cause the oscillating motion of a pump piston 
are various. The crank appears to create the most unperf(ict motion, for any pump to whion it is 
applied famishes less water than when other means are used. Human hibour is generally appUc*d 
to a lever of unequal lengths, on the longer part of which the moving pf)wer acts. I’his apfsiors to 
ho the most pmfitable form of applying the power to common pumps. On hoard the fiai-tmts, on 
the Western rivers, a kind of square pump is in use, which is very imperfect so far as the pump 
it^^lf and valves are conoerard, but a man may throw a large quantity of w'atc^r with one of them. 

pum(is are provided with a spring-]x>le insteail of a lever. Wo have found this to be an 
efficient means of conducting power to the pump, and consider it the cause of the large quantity of 
water raised. In adapting sfiring-priles to other pumps, the quantity of water raised is greatly 
augmentect The arrangement is in this case as represented in Fig. 2540. The rationale of this 
operation is as follows. When the elastic spring-pole is depressed with the piston to the low^s 
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le depresaing foroe relaxea, and the pole returns to its former p6aiti<m, lifting the whole 
column of water by its elasticity. The change of motion is here very sudden, and tends to close 
the valves tjuickly, so that not mu(^ water can return through them. The rod, in moving the 
column of water with a great velocity, will mount to a higher point than actually belongs to it 
when at rest, and return from ^ 
that elevation quicklv. This re- 
turning motion may oe assisted 
by the moving power. The suck- 
ing valve also is here forced to 
shut quickly for the same reason 
as the piston-valve. Another 
advantage mny be found in the 
mode of applying the muscular 
powers ; the upward stroke being 
performed by the rod, the muscles 
of the men are free to relax and 
gather fresh energy for the next 
stroke. We allude to this as an 
important aid in the motion of 
pistons in pumps. This spring- 
pole pKxluces quite the reverse 
of the crank motion, when the 
latter is converted into linear 
motion. A quick change is caused by the clastic spring-pole, and a slow change by the crank. 
If the same power and pump furnish more water when worked bv means of the nrst than by 
the latter, the principle involved in the motion of the first must be more correct than in the 
latter. This applies, of course, to pumps generally. In constructing pumps, end particularly 
the connection between the moving ^wer and the piston, we should apply this aid in all cases. 
When the pump is driven by horses, oxen, a steam-engine, or a water-wheel, which power cannot 
be employm like that of intelligent men, we should apply that force to an clastic medium capable 
of producing a similar motion, as the spring-pole. We indicate in the drawing the application 
of a uniform rotary motion, by means of cams to the piston-rod itself. This may be adapted to 
a communicating lever, or a prolongation of the spring-pole; but in no case will it work to 
advantage when applied to the spring-pole itself, at a pla^ between the pump and the fixed point 
of the spring-pola It is not necessary, and is also impracticable, to employ a spring-pole at large 
and permanent pumps, but by whatever means the motion is produced, it should be of this nature. 
The dastic medium has an improving and regulating effect upon the action of a pump. In attach- 
ing steam-power to a pump it is therefore proper to dispense with the fiy-wheel, and apply the 
steam directly to the piston-rod, or a rigid connection with it. We observe here that an elastic 
piston-rod will be productive of the reverse effect produced by the spring-pole. 

In Fig. 2541 we represent a lifting pump, composed of iron pipes, and a wooden piston-rod ; the 
latter is shod with iron, where it is connect^ with the piston. In iTig. 2542 are two sections of the 
piston, tlie packing of which 
may be taken out and put in 
from below, so that both suck- 
ing valve, lifting valve, and 
packing are accessible from 
the one valve chamber, and 
the piston rod need not be I mr I 
drawn when anything happens 
to the piston, or when the 
packing or valve is to be re- 
placed. The packing is here 
protected a^iust coarse sand 
and stones by the upper p^ 
of the metallic piston, which 
is made so large in diameter 
as to close very near to the 
sides of the pump. A strong 
iron hoop is bent over the 
sucking valve in the form of a 
protecting arc, in order to pre- 
vent injury to that valve by 
the piston, in case it should 
drop. 

In Fig. 2543, wo represent 
a forcing pump with a do- 
Bccnding plunger, which may 
be considered a spooimen of a HSj 
go(^ pump of this kind. The 
weight of the plnnger, which rj:. 
may be modified by inserted IT 
weights and piston-rod, is here 
calculated to force the water into the lifting pipe. As the changes of such a heavy rod cannot be 
aided with a spring-pole, the valves must not open too far or they will be liable to lose much water. 

4 N 2 
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fjreqaentlj used, but anti-motion metal or brass is preferable to either. The sucking pipe is never 
Terr long in these oase^ that it may not lose much umter by the liberation of air from the water. 

Fig. 2544 is a towing of a pump of the largest kind ; the suoking valve is rraresented as being 
open, and the forcing valve shut; the niston is half-stroke, and asoending. l^is kind of pump 
works very i^vantageously owing ohieny to the peculiar arrangements in the vdives. As this is 
an object m importance, we fhmish the valve in various figures, which represent sections and views 
of it. Fig. 2M5 shows a vertical section of the valve when open; the movable part, as is seen, 
rises to a small height only, and oonsequently shuts very quickly, i^ording a large passage for 



water. In Fig. 2546 the valve is represented as shut Fig. 2547 shows a view of the valve shut. 
Fig. 2M8 is a section of the immovable part of the valve; and Fig. 2549 a section of the cap or 
valve itself. Fig, 2550 is a view from above. See Abohuoediak Screw. Ari-esiak Wells. 
Boring and Blasting. Coal Mining. CoNSTBrenoN. Goppbb. Floiat Water-wheels. Iron. 
Lead. Pthts and Pumping Engines. Tin. Valves. 

DRAINAGE and STENCH TRAPS. Fr., Puitardi ^^ooitoinit; Geb., Setikgrubenf Ital., 
Valvola a ienuta <faria ; Span., AparaUn inod&rot. 

See Tbaps, Drainage and Stench, 

Pont-kvie ; Gee., ZughrSeke; Ital., Ponte levatoio ; Span., Puente levadito, 
A bndge of which either a part or the whole is ii^e to be raised up, let down, or drawn or 
tmed aside, m tem^ a draubridge. The movable portion, or tow, is calleq, specifically, a bascule, 
oalanoe, or lifting bndge, a turning, swivel, or swing bridge, or a rolling bridge, according as it 
fuiM on a mnge verti^lly, or on a pivot horizontally, or is pushed lengthwise on friction rollers. 

The bridge shown in Figs. 2551 to 2554 is a rolling drawbridge, designed by 0. T. Guthrie, for 
muit^ purpo^ for which it U well adapted. However, to^ridges for civil use constructed 
on this principle may be applied with muon advantage. 

^ j formed of two rolled or built wrought-iron girders, covered with planking, and 
supporM at their oentr^ by cast-iron struts ; these are suspended by links in such a manner that 
While the upper ends of the struts accompany the bridge \a its motion, their lower ends travel 
a^inst the escarp walk Thus their centres of suspension, which are also their 
to circular arcs, whilst their upper ends which support the bridge 
The weight of the struts is thus opfiosed to the weight of the 
oriage, and the position of their points of suspeniioo, their angle of incHuation, and weight, and 
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4he form of the racers against whidi their lower ends trayel, are snoh that they balance the weight 
of the bridge in eyery possible position, without any waste of material. It follows from this tibat 
the force required to move the bridge is exceedingly small, being due only to the friction on the 



Tho diagram. Fig. (555. is to illustrate the method of finding the proper curye to giye the 
racers, in o^or that the bridge should be balanced in every position ; it also shows the path of the 

sssa 
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centre of gravity of the bridge. It is onneoess^ fm* any praotioal pnrpo^ to find the equation < 
to these curves; suffice it to say that the first is c(nnpounded of the equation of a circle and its 
diameter, and the second of the equation of an ellipse and its diameter, and that while one centre 
is moving diametrically, the other is moving pcrimetrioally. 

The constructive method of finding the proper curve for the racers is as follows ; — 

While the centre of the bridge ascends in the arc A B, the centres of the struts descend through 
the arc D £. Now as the strute are to balance the bridge in every position, the relative vertical 
rate of motion of their centres must be inversely as their respective weights. Draw the hori- 
zontal lines A G, D K, then the weight of the bridge is to the weight of the struts as K £ is to 0 B, 
and the centre of the bridge mustpass vertically from 0 to B at the same relative rate at which the 
centre of the stmts passes from K to E. Draw the sector B G 0|, similar to the sector ODE, and 
divide the ares BG and DE into the same number of equal part^ and draw the horizontal lines 
^ 9\ 9% so on, d A, d, and so on. Then it is evident that if the centre of the bridge 

rises successively to the levels g, g^^ and so on, while the centre of the stmts falls to the levels 
d, d,, d^ and so on, respectively, the conditions of equilibrium will bo fulfilled. So from the point 
d, with a radius D A, describe an arc cutting the lino gain join a d, and from d, with a r^ius 
D F, strike an arc cutting a d produced in /, then / is a point in the required curve. Bimilarlv /|, 
/,, and so on, may be found. The ])art of the curve taken for the racers deviates very slightly 
from a straight line. 

The most convenient proportion to make the several parts of a bridge of this description, which 
may vary in length from 10 to 40 ft., is perhaps to give the struts an inclination of 30'^; to make 
them half the weight of the bridge, and to cause their centre of gravity to descend, as the bridge 
is rolled back, twice the space the bridge itself has to ascend. 

Along with simplicity and cheapness of constraction this military drawbridge fulfils the fol- 
lowing necessary and important conditions; — 1. The bridge is not greater in length than the 
opening intended to bo spanned; 2. When the bridge spans the opening it is flush with the road- 
way ; 3. It does not involve any alteration in the constmetion of the roadway at either side of the 
opening; 4. The force necessary to move it is so slight that any assistance from machinery is in 
most cases unnecessary ; 5. A single action is sufficient to move it ; 6. When the bridge is rolltnl 
back no part of it is exposed to damage by fire from the flanks ; 7. Where gates are used in c<m- 
nection with the bridge, it is ca}ia1)le of being rolled in either direction while they remain closed ; 

8. When the bridge is rolled in and the gai^ closed, no ledge is left to assist an enemy to bridge 
the opening. 



Figs. 2.')50 to 2558 represent an equilibrium drawbridge by J. 0. Ardagh, B.En in which no 
counterpoises are required; the diagram, Fig. 2559, shows now this aquilibriinn of the bridire in 
every position is attainod. The pl^orm xy x* y' is suspended to the poinU Y Y by the Y B, 
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and Its inner extremity bears bv means of flanged wheels on rails carved in such a 

niinner that the centre of gravity of the platform A shall move on the horizontol line X X', thus 
securing equilibrium in every position. Ibe curve may be drawn graphically, or calculated from 
the following equation 



When the ocntro r- 

of gravity bisects the 
span, and the point of P— 1 — 

suspension meets tho 

outer extremity of the L- r r- n n n n ■ r-* 

(i^m, Fig, 2560, shows ~ | ^ S MH 

this principle t(f lock = I hH| 

or canal bndges, where I n|| I I 1 1 IH 

liglitnoss are advanta- I ||| U I || | 11 

description ol counter- r - iHilil = | ^ — ===» 

ix)i8e, also invented by \ WTl ^ Jly I < ' 

J. a Ardfigh, RE. ' 

weights which ) I 

balance the bridge \ - T ' i ' ' ' ‘ ^ ' 

whei in a horizontol £ 1 * 

position are attached L " T i “ ' 

to pulleys working on ^ ___ I j 

slings of chain or wire- 'i ’i ~ . 

rope which constrain - _Ji ' V 

them to move in an r ^ I \ 

elliptical curve, and ;i ■ ,, * i V 

pr^rve the equili- I \ 

brium of tho bridge in ' — “ ^ 

de^hed l^*iSie^e^ 

struction ^own in dotted lines, Fig. 2561; and the foci of the eUipa& which most nearly oomoldGe 
with will indicate tllto points of suspension df the siipg ^ 




A WeighAjridge is an appamtos employed for weighing conTeyanoes. The platform A B, Fig. 2562, 
on to which the vehicle w drawn, rests on four feet, a, ft, Oi, ft,, upon as many levers, C D, CT T)\ 
C, D,, O', D^, movable round the points C, C', C,. C',, resptactively ; which rest by their free extre* 
mity D, D', D„ or D'„ upon a cross>bar T T ; this bar rests at the point 1 ufion a lever H K, mov> 
able round the point H. The extremity K of this lever is uniU^l by a vertical rod K L to the 
smaller arm of a balance, movable arouncl the point 0, and bearing u|X}n its longer arm a sliding 
weight p. distance 0 X == x, at which it is necessary to the sliding weight in order to 
retain the beam in a horizontal position, gives the measure of tne weight P of the conveyance. 

The points G, C\ 0„ G',, are equidistant from the cros8>bar T ; the same with the points a, ft, 
a„ ftp on which are placed the four feet of the platform. It follows, first, that in every position of 
the apparatus the platform remains horizontal. Lot us suppose, t^, that the relatgm of 0 a to 
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(j^D i» that of 1 to A ; if the cnxM-bar be lowered to an extent A, each of the points a, b, a^, will 

be lowered by • ; the platform will then remain horizontal, and will be lowered by ^ . Let ns next 

suppose that the relation H I to H K is that of 1 to n\ the point I being lowered by A, the point K 
will be lowered by n' A; and the same will take place witn the point I. Then the point X will 

be elevated to an extent indicated by n* A , or n' A > , calling / the distance O L. This being 

settled, let ns apply to the system the principle of virtual velocities. The effect of the weight 

P is 4- — . The virtual velocity of the treight p is — p . n' A . The virtual velocities of the 

reactions of the resting points O, H, C, O', C„ 0'„ are = 0, if we overlook the friction, as it is 
allowable to do when the contact is eve^where maintained by a knife-edge. Besides, the other 
forces which act upon the system are mutual forces, eq^l two and two, and of contrary 
signs, and whose virtual velocities disappear on computing their sum. There will then remain 

P a' A 7 =0, whence P =s p . n a'. 

n ^ I ' ^ I 

If, for example, we have n = n' = 10, and p = 1 A, it will result that P = 100 A . f . 



3563. 



The drawbridge represented in Fig. 2563 is composed of a platform 0 A, movable around a 
horizontal axis O by moans of strong pivots, the ooussinets of which are fixra on the side of the 
scarp. Two chains, of which only one, A B, is seen in the figure, attach the anterior portion of 
the platform to two plyers B C, movable round a horizontal axis O', united to one another by cross- 
beams and a Bt. Andrew’s cross, and having at the back part a counterpoise Q, usually of stone. 
The apparatus is so arranged that if we join the points of attachment A and B of the chain to the 
points O and O', we obtain a parallelogram ABO'O, attached at its four angles, and which does 
not cease to be a |)arallel(^ram when the position of the platform is altered, seeing that its opposite 
sides remain equal. 

Further, if g is the centre of gravity of the platform, and g* that of the system formed by the 
beams and their counterpoise, the weight Q and its position are disposed in such a manner as that 
by joining g O and O', we have two parallel right lines ; these right lines remain parallel when 
the position of tlie platform is chang^ seeing that they make equal angles with A O and B O', 
which remain parallel. Finally, the weight P of the platform andf the weight F of the sy^m of 
the beams and their load are so rogulat^ as that there may be equilibrium in everv position of 
the drawbridge. To this end, let T be the tension of one of the chains, and let a be the angle 
which the two right lines g O and g* O' make with the horizon in any position whatever of the 
apparatus. The platform is a lever of the second kind, subject to the forces T, to the force P, and 
to the reaction R, exorcised upon the axis O ; taking the momenta of these forces in their relation 
to this axis, and putting aside the friction, we ^ball then have 2 JFl T = P <; O cos. a, the character 
J Jl designating the momentum of the force T. The beamB form a lever of the flrrt kind, which 
in the same way gives ^ ^ 


Comparing the relations [1] and [2], we obtun 

P’ff’O', whence ^ ^ 


a relation which is independent of the angle a, and which will take place in consequence in ray 
position whatever of the drawbridge, provided that it takes place in a particular position, for ex* 
am^e, in the position where the platform is horizontal, or where 0 = 0. 

Either of tne relations [1] or [2] will eive the tension T ; it will be sufficient to make a = 0, 
and to replace ^ T by T O f, the factor 0 1 being the perpendicular let fall from the point O, or 

the point O' upon A B. We shall thus have 2T0Is5pi;0, whence T = J P 

The reactions upon the axes O rad O' will bo obtained in tho same way as for the lever, that is, 
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Thd qvre M N may be deduced this bytmeingthc line envdc^dngeitdeadeMaibed lound 
difliramt points of m n as centre with the radius of the roller. 

See Bbidob, 791. Fobtiho^tion. Virtual Yelocitt. Wbiohino Macrutbs. 

DRAWING jFBAME. Fb., £tireur; Gbb., Zieh oder StreGhnoichine ; Ital., SHratoio; 
JEstirador, 

See Cotton Mac h ine r y. 

DREDGING MACHINE. Pb., Cur&^ndle ; Dragueur ; Geb., Baggemaschme ; Ital., Cavafange ; 
Span., J)raga, 

Dredging is effected in various ways ; either by drags, or scoops, or rakes, or machines. There 
are two sorts of hand-drags, one for raising mud, the other sand ; the first consists of an iron box 
pierced with holes, open in front as well as at the top ; to this is attached a slightly flexible handle 
of a length proportionate to the depth it is to work in. When this is made use of, the men in a boat 
make the iron box enter the sand, sustaining the handle on the shoulder, and when it is filled they 
raise it, and if there be anv large stones they are disengaged by means of hooks ; a man will raise 
in this manner, where the depth is not more than 4 or 5 ft., a cubic yard in the course of a day, and 
sometimes more. 

The drag for mud is diffbrently formed : it is an iron drag, to which a canvas bag is attached by 
passing a cord through holes made in the ring purposely to receive it ; that part of the iron rim 
which is intended to touch the ground and enter the mua must be sufficiently strong : two men in 
a i)oat or punt are required to manoeuvre it, and in the course of a day they will raise 12 to 14 
cub. yds., if the depth does not exceed 6 ft. When a boat is made use of, it is first moored in such 
a manner that it cannot drift ; such a drag allows the water to flow out of it, and retains only the 
solid matter. 

The Louchetto, or kind of spade, or a collection of them, is used for cutting or extracting turf 
under water without the necessity of first pumping it dry this consists of a light iron frame, which 
in armed all round with a cutting blade, in len^h about 3 ft. ; the part between it and the handle 
is o}Km. being formed of four horizontal rods and two vertical ones ; these receive the turf after it is 
cut and detached, and enable the workmen, by means of a rope and windlass, to pull it up. These 
cutting instruments have a variety of forms given to them to adapt them to the peculiar work they 
may have to perform. 

The box shovel consists of an open box fixed at the end of a long handle, usually made of iron ; 
the cutter traverses in a groove, and is worked by another handle ; by this the turf is cut and 
detached, and each successive piece falls into the l^x : as many os four turfs may be drawn up at 
one time. Dredging machines have been constructed in various ways, and of iron or wood, accord- 
ing to the nature of the service. Some machines have been arranged so that the system of chain 
and buckets should work through a channel in the middle of the vessel ; others with one system 
on each side, and others with the buckets working over the extremity of the vessel. But in general 
the modern practice is to place the machinery towards the extremity of the vessel, to allow of the 
working of the ladder (which holds the buckets) freely on either side of the vessel. By this 
arrangement liarges can bo laid along both sides of the vessel, and the material raised by the 
machine be taken away easily. Perhapb the most popular form of machine for dredging pur- 
poses is the spoon dredger ; however, we shall confine ourselves to the chain-and-bucket dr^ging 
machines. 

The best-adapted boilers and engines fbr dredging purposes are those upon the marine principle, 
os in them compactness and stability are combined, and for which reasons those of that description 
are generally applied ; in practice it is found disiulvantageous to the profitable working of the 
machine if the enp^ne be not of a proportionate power to the depth of water, the buckets of a suit- 
able number, and the bucket-frame of sufficient length to lie at a proper angle. Hence the follow- 
ing arranged proportions are annexed as the best adapted for working at or about the various 
specified depths from which the material is to be raised. 


NomlnAl 
Horao-power 
of Engine. 

Length of 
Bucki>t-frame 
in feet. 

Nomher of 
Bocketa 

Deptti of 
Water in feet 

21 

60 

35 

19 

28 

70 

38 

22 

32 

80 

46 

27 


The boat or support requires little or no peculiarity of form otherwise than that of proper sta- 
bility ; it must be strong and well put together, or a constant tremulous motion is created by the 
action of the machinery, and the proper effect of the machine In a measure destroyed. The boat 
must also bo of a magnitude sufficient for the receiving of the machineiy, with a proper clearance 
for the buckets, acooiriing to the depth of water and different positions in which, on that account 
they are so frequently required. In constructing the Thalie and Grison viaduct on the Paris and 
Lyons Railway, a bog or morasB prevented the aredge-boats from entering; the engineers had the 
dredging apparatus removed ftom ^e boat and placed on a movable platform, shown in Figs. 2566 
to 2568. The foundations having to be laid in an oozy or a miry soil, the part to be operated upon 
was enclosed on both aides by double rows of planks and piles, shown in Fig. 2568. 

Fig. 2566 is a longitudinal section of this movable carriage-dredge when mounted and in work- 
ing order; Fig. 2567a plan; and Fig. 2568 a view of the end upon which the ateam-engine is 

£ laced. This dredging machine oon£ts of a chain with buckets a, of which the axis of rotation O 
mounted upon two parallel trestles c, fastened together upon two strong sleepers B, connected at 
e|oh end a series of transverse beams d, which oonstitote the rolling platmrm of the m a chine . 
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Upon two of these transrerse beams d a small steam-engine of the locomotive class is flnnlr fixed, 
which moves the dredge. The platform B is moved upon four small wheels the axes of whioh 
are made fast to the transverse pieoes d\ the whole machine moves upon two strong bevelled 
sleepers A, placed across the principal platform, which moves upon six wheels f, seomm by the 
beams /. ^ that the machine can be readily moved across the platform, and me platform and 



mi. 



machine at any time can be rolled aloDff two wooden rails p, made fast to the piles and rmming 
the whole len^h of the enclosure. The Duckets N empty themselves upon a tray O, Fig. 2560, w 
which the indinat i o n may be regulated at will ; this tray deposits the material in a wheelbaim 
or hand-cart; The chain of the buckets presents nothing peouliar ; it is similar to that of an or^ 
nary dredging machine. The inclination of the chain ana Wket-fhune is regnlaM by means of 
a winch m, fixed at the extremity of the frame B. ^is dredge is simple In construction and 
efibotivs in operation ; in the instance referred to it raised material from a depth of 26 fl« Tbs 




gear does not act directly, but by means of a belt K 
and pulley L, placed on the crank-shaft 6 of the fly- 
wheel g. On the other side there is a pulley 1j\ 
fixed upon an intermediate axle which transmits 
motion to the axis 0 of the chain of buckets by means 
of the pinion £ and wheel F. A steam-engine of 
4 horse-power was employed, making fifty-five strokes 
a minute, giving to the shaft of the chain of buckets 
nine revolutions a minute, and delivering twelve 
buckets of earth in the tray 0 during the same time ; 
each bucket contained about six gallons. Allowing 
for stoppages, this machine raisra from 200 to 300 
cub. ft. of earth in a day, working ten hours. 

Tht Steam-Drtdjer^ Figs, 2569 to 2571, built by 
Simons and Co., of Benfrew, for the Commissioners 
of the Government Works, at Carlingford Lough, 
Ireland. This dredger when completed steamed from 
the Clyde to Carlingford Loug^ with her bucket- 
ladder in its working position. She behaved very 
well in a gale which she encountered when crossing 
the Channel, and she made on her trip an average of 
seven miles an hour. 

The engravings. 

Figs, 2569 to 2571, 
exhibit the general 
arrangement of tlie 
vessel ; her princinal 
dimensions are as fol- 
lows 

Feet. 

Length .. ..157 

Beam ..27 

Depth of hold.. 9} 

The hull is 
strongly built of iron, 
and divided into four 
water-tight compart- 
ment^ and the main 
framing for carrying 
the upper works is 
well braced, to stand 
the various strains to 
which the vessel is 
subjected. A pair of 
horizontal condens- 
ing marine-engines 
are arranged to work 
the dredging buckets 
or the twin propel- 
lers, as may be re- 
quired. 

* The iron bucket- 
ladder is 90 a in 


*69SS 



are at work. It is dia^imlly Braced to sti^Tea it mrhcn 
at work in deep water and a rou^h soa. In ordinary 
working fourteen Buckets are disoiiarKod a minute into 
tBe Bargees moored on oitBer side of tBe dredg'er. 1'lie 
Boisting: Barrel., witB its oBain- Blocks and connections 
for raising: and lowering: tBe ladder, wei^Bs 15 tons, and 
tBe Band-levers are conveniently arrani^cHl for one man 
to work. rFBe various motions for moving tBe vessel 
aBeadU astern, and atBwartsBip are provided witB differ- 
ent speeds, and are driven By friction ^earinj^. 

XBe main g^earing: for working: tBe Buckets is also 
worked By a largro Bevel-wBoel placcni in tlie cm^i no- 
room, and fitted witB an adJustaBle friction centre, so as 
to prevent accidents in case of an excessive strain l>eirij^ 
tBrown on tBe Buck<*ts. XBe upf»er tximblc^r is four- ^ 
side«l, and is providcjcl witB steel Bars firmly fixc^d. XBe S 
Bucket Backs are also of st€>el. XBo lower tumBler is ^ 
five-sided, and Bas tBe end fianji^ea formed so as to ^uide 
tBe Buckets and prevent tBem from overriding wBen 
side dredging is Being; i>erformcd. XBe fiang^es also pre- 
vent tBe lari^e Boulders from i^ettin^ on tBe tumoler 
Bows. A. four-8i<led lower tumBler fitted witB side cut- 
ting: knives and ^-pieces to catcB Between tBe links Bas 
Been tried. But tBis form of tumBler did not appear to 
work so well as tBe larger five-sided one, not clearing; 
itself so well of tBe Bonlders. 


A powerful Bow cr<xh wincB is fix€»d on deck for keep- 
ing tBe vessel up to tBe cuttinf^ face, and a similar crab 
is fixed at tBe stem. XBe eng:ine-Toom is supplied witB 
tBe necessary indicators, gangea, counter, and tclog:rapB 
from captain to eng'ineer. 

Ab tkxe dredger lias stormy weatBcr to contend witB, 
Bcr macBinery is designacd so tBat a great portion of its 
weight is placed as low in tBc vessel as j^ossible, so as to 
Balancte tBe upi>er parts and stiffen Ber. Independent 
dfmkey-euf^inos drive the Bow and stem crabs, and work 
Bilg:e-pumps in connection witB tBe various compartULents 
of tBe vessel in case of a leakage. XBe caBin for crew 
is comfortaBly fitted witB slocpini^ BertBs, lockers, and so 
on, for eacB man, a separate cabin bein^ provides! for tBe 
master and cngcinecr. 


XBe operation wBicB tBe dredger Bas to carry out, 
namely, cuttiuK CarliuKlord Bar, is ratBer a formi<laBle 
undertaking. XBo work Bas to Be drme in an exposed 
situation, the Bar Being; in the open sc^a, in tBe IlritisB 
Ohannel, and the water is seldom smooth, wBUst the 
tide runs with csonsideraBle force. 


Xhe Bar consists principally of stiff Blue clay, inter- 
mixed with a lar^e proportion of Boulder stones, many 
of thorn much larger than the Buckets. Xhese lionlders 
are pushed forward By the lower tumbler, famting a 
mound in front of the cut, and cx^asioimlly some of these 
lari^e stones are Brought up Ijctween tlic? Buckets, restini? 
on the links of the Bucket-chain, when they are lifted 
By the? crane on deck. It is intended that the lar^e 
Boulders should Be raised By divers, such stones Bcdng; 
mu^ too larg:o for the Buckets to lift, althougrB each 
Bucket has a capacity of 9 cuB. ft. 
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I One Bteam-hopper beige of 200 tons bnrthen, and two hopper barges without power, each of 
120 tons burthen, attend the maohine to remove the dredged material and drop it in deep water. 
The larger barge can he filled in less than an hour under ordinary oiroumstances. 





Owin^^ to tlio unusual Jy (‘xnosed position of the work, 
the moorings to hold the dredger when in action have 
to be venr strong and heavy. They consist of powerful 
head ana stem and four side anchors, all firmly suH^ured. 

When the sea gets so rough as to drag the anchors and 
prevent dredging, the propellers ore connected, the moor- 
ings let go (with buoys attached), and tlio dredger steams 
to a sheltered part of the lough until the weather mo- 
derates, and then the machine can again steam to the 
bar, nick up her moorings, and recommence operations. 

The channel to be out through the bar is alx>ut a mile 
in length by 600 ft. wide, and it is to be deepened from 
8 ft. to 21 it. at low water. Owing to the rise and fall 
of the tides, a part of the excavation will bo done in 
87 ft. water. The work has been carried on by James 
Barton, of Dundalk, and R. Hickson, the resident on- 
ginoer. 

We illustrate, by Figs. 2572 to 2575, an arrangement _______ 

^ dredge, design^ and constructed by Morris and _ 

Cummings, of Now York, and which has been used with ^ ^ ^ 

eonsiderabie success for dredging between the slips or ietties on the Hudson river. In this machine 
the dredging is not performed by a chain of buckets, but by a single bucket, of somewhat peculiar 
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oonstniotion. The bucket oonsists, ae will be seen by the engrayings, of two parts hinged togetUljr, 
and provided with an arrangement by which they can be opened or closed. The two parts of the 
bucket are hinged at tiieir upper inner comers, and from their outer sides tie-rods, or links, extend 
to a cioss bar, the ends of which work in guides, as shown. When this cross-bar is raised in the 
guides, the two parts of the bucket are caused to open from each other, whilst, when it is caused 
to descend, the two halves are forced together, and caused to securely hold any materials contained 
within them. The raising or lowering of the cross-bar in its guides is effected by two chains, both 
of which pass up over the pulleys at the end of the crane-jib and down to the hoisting machinery, 
each chain being led to an independent barrel. One of these chains is attached directly to the 
cross-bar above mentioned, whilst the other before being connected to that bar is led round a 
pulley placed beneath it. 

Whilst the bucket is being lowered, it is suspended by the first-mentioned chain, and the cross- 
bar is raised in its guides, and the two parts of the bucket kept apart. As soon as it reach(« the 
bottom the strain is brought upon the other chain, and the cross-bar is thus hauled down in its 
guides, and the parts of the bucket closed before the latter is raised towartis the surface. The 
hoisting machinery consists of a pair of horizontal engines, which by means of a frictif)n clutch can 
be made to drive either chain-drum at pleasure. The bucket is guided during its dosc^cut by a 
pair of wooden poles attached to the guides of the cross-bar, these poles working through eyes fixetl 
near the top of the crane-jib, as shown in the figures. After the bucket has been raised the jib is 
swung on one side, so that the contents of the bucket may be discharged into lighters or any other 
receptacle for the dredged material. The swing of the jib is regulated by a bar, which catches on 
one or the other of a set of stops arranged at the head of the dredger, as shown in Fig. 2573. 

The engravings. Figs. 2576 to 2581, illustrate a system of transporting earth from dredgers by 
the employment of a stream of water, produced by means of a centrifugal pump, which has been in 
successful action for upwards of twelve months at the works of the Grand Canal at Amsterdam, in 
conjunction with ordinary dredgers. The inventor of this machine we do not know. It is carefully 
kept out of view, as in similar numerous cases, who invented this machine ; this trick is common 
in many places, where the unfair sentence, It is he who carries out an invention who deserves 
praise, not the original inventor,” passes current. 

Figs. 2576 to 2579 represent different views of one arrangement of the pumping machinery and 
pipes, whilst Figs. 2580, 2581, show the apparatus as actually applied to the dredgers above 
mentioned. Fig. 2576 is a vertical section, and Fig. 2577 a plan of the machinery, a a being a 
cylinder fixed to the side of the dredger so as to receive the earth or material it is desired to 
convey, and 6 being the pump-case fix^ at its lower end. This pump-case should be just below 
the level of the water from which the pump takes its supply through the water-supply passage c, 
which is adapted to an opening in the bottom of the pump^se, and is fitted with a valve d. This 
valve can be opened and clo^ by the lever d\ and handle d^; c is a bridge-piece fixed to the 
pump-casing and passing through the passage c, to carry the step or lower bc^ng of the pump- 
axis /, which has tdso an upper bearing at the top of the cylinder a ; and are bevelled wheels 
by means of which the axis / is driven. The pump-blades are fixed on the axis / ; and a* is an 
opening in the cylinder a, by which the earth or material is supplied to it by the dredger. This 
opening should lie 6 ft. or more above the bottom of the cylinder. A conical valve or cover A is 
provid^ to regulate the passage of the earth or material from the cylinder through the opening in 
the top of the pump-case; and this valve has two rods A* A* fixed to it, and which pass through 
guides 1 1 to a forkea lever A to which they are jointed. The lever A extends out through the side 
of the cylinder, and is jointed to a rod /, which at its lower end is forked and holds a screw-nut m. 
This nut works on a screw, the stem of which is carried in a bearing, and has the Unveiled pinion 
n upon it gearing with another similar pinion on the axis of the hand-wheel n\ so that by turning 
this wheel the valve A can be raised and lowered ; the valve is guided by the fixed guide-rods A*. 
There is a tangental opening in the pump-case (>, which receives a casting o, to which the pipes for 
conveying awav the water and material are connected. 

A plan of the arrangement of pipes is shown on a smaller scale by Fig. 2578. In this figure » 
IS a wooden pipe made with staves like a cask, and bound together by hoops ; it is connected with 
the casting o by a leather connecting tube which is clipped on to the casting and on to the pipe 
by metal hoops drawn together by screws. At the other end of the pipe p, another leather tul>e r 
of some len^h is placed, this tube forming a flexible joint, connecting it with the wooden pipe 
^e tube r IS kept in form by a coil of thin flat iron riveted to the leather. By similar flexible 
joint tubes the pipe s is connected with the succeeding pipes of the series, f, u, and v v v, which 
series is continued to the shore where the material is to be deiiosited. Kach of the pipes of this 
series is formed with floating pieces at its sides, as shown in section, Fig. 2.579, to sustain it in the 
water. The three tubes, s, t, and ti, are combined together to make iliem more readily manageable 
in such a manner that although the ends of the coupled pipe can be moved to and from each other, 
movement IS restrained by bc^ms wu^tc*. The centre and larger boom is pin-jointed at tlie 
centre to a float or saddle-piece at the centre of the pipe t, and the outer ends of this boom are pin- 
jointed to the booms w and to*, the centre pins of the joints being fixed upon the floats x x. The 
other ends of the booms to and to* are joints at the junction of the pipes p » and u v respectively. 
It will be seen that at each of these junctions, and wherever the flexible leather joint tuljos are left 

to bend, the strain is taken off the flexible tubes by means of planks v y fixed on each pipe* 
float over the pipe, and pin-jointed together at their ends. When too position of the apparatus is 
such that the material does not require to be conveyed over water, there may be substitutiKl for 
this flexible system of floating pipes any ordinary arrangement of tubing. 

Figs. 2580, 2581. represent the Mparatus as used in Holland. In this case it will bo seen that a 
pnmp is bolted to the side of the aMger, and driven at the rate of 230 revolutions a minute by 
the mme engine, by means of the bevel-gearing shown on the top. The pump, which is 3 ft. 6 in. 
m diameter, is fixed with the t(^ on a level with the surface of the water, and is fumisbcil with 
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two inlets proteeled by 
valves, the one on the 
bottom for the admission 
of water, and the other on 
the top foi^ regulating the 
entry of the material to 
be transported. On the 
topg>f the pump is placed 
a c^inder or reservoir, to 
receive, by means of a 
shoot, the stuff dredged 
up. 

The dredger is con- 
nected with the shore by 
means of wooden pij^s, 
fitted with buoying 
pieces to enable them to 
float, and connected by 
leather joints, those im- 
mediately following the 
dredger being arranged 
on the lazy-tongs prin- 
ciple, to admit of its free 
movement in any direc- 
tion. The leathern joint 
pipes for this portion are 
about 4 ft. 8 in. long, 
strengthened and com- 
pelled to assume a regu- 
lar curve by iron spirals 
riveted to their outsides ; 
but the joints for the in- 
termediate pipes are only 
about 18 in. long, just 
enough to allow of a firm 
connection being made 
by iron hoops tightened 
by screws. The diameter 
of the pipes is 15 in. 

The action is as fol- 
lows ; — By the revolution 
of the flyer A a rapid h 
stream of water is main- g 
tained through the pipes, 
into which the dredged 
stuff is admitted through 
the pump by the opening 
on the top, and is thus 
rapidly mixed and car- 
ried to the delivery at the 
oi)]K).sit6 end of the pipes, 
wliere the heavier mate- 
rials deposit themselves 
in nearly level beds. An 
arrangement might also 
be m^e by causing the 
pipes to discharge into 
an enclosed area and 
running the water from 
the top, by which means 
any retjuired thickness 
could be deposited. 

DRILL. Fr., Ford ; 
Ger., i?u4rcr; Ital., 2Va- 
pano; Span., Taladro. 

A Irill is, strictly 
speaking, a boring tool 
that cuts with its be- 
velled end by revolving. 

See Augsb. Boring 
AND Blasting. Hand- 
Tools. Maouinb Tools. 

The Diamond jKocA- 
Boring Machine, — This 
machine, Figs. 2582, 
2588, consists of the fol- 
lowing parts, namely; — 

The driving engine 
or motor, A ; the horizon- 
tal girder or transom, B ; 
the two vertical stan- 
dards, 0, 0; and the six 
drills, D,D, r 
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« Tho maohine of which we apeak was constructed by Appleby, Bros. 

* The motor is an engine of the ordinary description, which is worked by compressed air supplied 
through tubing; but, direct-acting water-pressure engines might equally well be used if found 
convenient. 

The power is transmitted from the motor to the horizontal shaft by the oblique shaft E, which 
is driven by bevel-gearing from the crank-sliaft of motor at one end, and drives the transom-shaft 
at the other end. This oblique shaft is provided with universal couplings F, F, which allow for 
any inequalities in tho bottom of the tunnel or heading. Tlie horizontal transom-shaft drives two 
vfjrtical shafts, one in each standard, by bevel-gearing, and these vertical shafts in their turn drive 
the drills or borers through short horizontal shafts in the movable saddles to which tho drills are 
fixed. 

The drill consists of a strong cast-iron frame provided with suitable bearings, and in these 
bearings revolve the driving spindle on one centre, and tho drill-bar on tho other. ()n the driving 
s]>indle of drill are two small spur-wheels which are thrown in and out of gear by clutches; these 
spur-wheels gear into two corresjionding wheels on the drill-bar, one of which drives the bar and 
tho other the nut which gives, by means of a differential speed, the ni^cessary feed or forward motion 
to tho liar. This feed is sot to advance at a certain fixed rate for a given pressure on the drill, 
when, owing to any irregularity in tho hardness of the rock this pressure is anniented, the feed is 
autoinatically, eitlier partially or entirely, thrown out of gear, the full speed being resumed as soon 
us softer rock is touched. The pressure can be regulated from 1 lb. up to 1000 lbs., which is the 
pressure required for cutting pure quartz. Each drill can be thrown out of gear independently of 
the other ones. 

The crown which actually cuts the rock, consists of a hollow cylinder of steel, in tho front end 
of which the carlMUiates, crrotu'ouslj/ called black diamonds^ are set in such a manner that they project 
lK)t)i on the inside and outside of the cniwii, so that as it cuts its vfny into the rock it leaves good 
clearance for the drill-bar, which is also made hollow and of such a diameter internally that tho 
core or solid cylinder of rock which is left by the crown can pass freely along the entire length of 
the bar. 

A supply of water under slight pressure is kept constantly flowing along tho inside of the drill- 
bar, and thence to the carbonates, w'here it serves the double purpose of keeping them cool and 
washing away the fine particles of rock produced by the cut. 

Eight carbonates arc set in each crown, four on the inside and four on the outside, and the 
wear of these carlx)nate8 is found in practice to be insignificant compared with the amount of work 
they do. At Cr(x^.sor in Wales, whert? the machine is at work, crowns have cut upwards of a J mile 
of hole, in hard bustard slate, and after this the stones have n^tained much of their original value. 

The machine illustrated by Figs. 2582, 2583, is dcsigueil to l)ore holes in. diameter x 3 ft. long. 

The met/utd of working is as follows; — The machine having been brought into jiosition near face 
of rock, and there firmly tixiHi by means of jack-screws at tiop of standards, the miners proceed to 
drill tiie holes in the rock, as shown in Fig. 2582, after which the machine is run back as far as 
luK^essary on the tramway, and the holes are charged with gim-cotUm or other explosive material 
and then finnl. The centre part of tin; r<x*k in tho sba^H) of a V brought away, and then 

the two sides by means of holc.i drillcHl straight in and near the extreme sides of tunnel. The 
holes l)ored are found to l)c perfectly cylindrical for their entire length, which is a very great 
iidvantiige for blasting, os the cartridge containing the explosive material can be made the exact 
size of the hol(% and the maximum result is thus obtaint^d from tho force of the explosion. 

UIU'M. Fu., 7\imb<tnr ; (lEll., 'frornuud ; Ital., Tambnro ; Sl’AN., Tambor, 

A dmin is a sliort cylinder revolving on an axis, generally for the purpose of turning several 
HiiuiU wheels, hy means of straps passing around its jH!rij)hery ; calletl also pulley^ and rigger^ when 
very short iii the direction of the axis, ao as to have the form of a disc. 

DRY-HOT. Fb., Tourriturc svchc ; Geb., Stockung ; 'Trockenfdule ; Ital., Tarh secco ; Spah., 
Carcoma. 

See Kyanizino. 

DUCT-WHEELS. Fr., Roues d couloirs ; Geb., Filtrirrdder, 

See Tcrrinb Water- w iikels. 

DUSTER. Fit., Machine a net toy er Ics chiffons; Ger., Lumpenreinigungs Maschine ; Ital., 
3farchina da batter stracci ; Span., Mdquina para Umpiar trapo, 

S(>o Paper Machinery. 

DYKE. Fr., Dir/ac ; Geb., Damm ; Pcich ; Ital., Piga^ Arginc ; Span., MaJecon, 

A mound thrown up to prevent low lands from being inundated by the sea or a river is called a 
dike^ or dyke. See Damming. 

DYNAMITE. Fu., Pynamite ; Ger., Dynamite ; Ital., Dinamitc ; Span., Dinamita, 

See Boring and Blasting, p. 582, 

DYNAMOMETER. Fb., Dynamometre ; Geb., Kraftmesser ; Ital., Pinanwmetro ; Span., 

IHnamomcU'o, 

The dynamometer, from tho Greek “ dynamis^' force, and “ metron'* measure, is an instrument 
for nuiosuring forces, and, by extension, tho work which they produce. 

There are various kinds of dyiinmometi‘rs, but all rest ujk)!! the same principle. The chief part 
consist of a spring, the flexion of which may l>e measuriHl; every force which, when applied to the 
iustrument, produces the same flexion as a weight of n kilogrammes is said to be a force of n kilo- 
grammes. Upon this principle tho instriiiuout is graduated. 

Tho simplest form of the dynamometer is tlie common weighing instrument represented in 
Fig. 2584. It consists of a spring A O B with two arms. At one end of the ann B O a metal 
circular arc is fixed, passing through the arm O A, and provided at its extremity with the ring E, 
to which a weight may lie suspended, or any other force ; a muscular effort, for instance, may be 
applied. At the end of the arm O A a second oiroular arc is fixed, capable of sliding over the first 
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and passing through the arm OB; this aro terminates at D in a ring which serves to hold t( e 
instrument by or to suspend it to a fixed point. This second aro is also graduated from the extre- 
mity D down to the point t where there is a kind of notch or projection, the use of which is to 
prevent a fracture of the spring when too great a force is applied. Suppose now the instrument 
suspended by the ring D to a fixed point, and a weight of 1 kilogramme attached to the ring £ ; 
the two arms of the spring will approach each other, 
the aro D t will pass beyond the arm O B bv a certain 
quantity, and on this aro the point may be marked 
at which the arm O £ stops. This operation con- 
tinued with weights of 2, 8, and so on, kilogrammes, 
will finally complete the graduation of the instrument. 

To obtain fractions of a kilogr^me, divide each 
interval into ten ^ual parts ; this will give an ap- 
proximation sufficiently near for ordinary purposes. 

If, again, having removed the weight, we apply a 
force at £ and tlie arm O B stops at the same point 
in the aro D t as when a weignt of n kilogrammes 
was suspended from the ring E, we conclude that 
the force in question is equivalent to n kilogrammes. 

Thus, to measure a force in kilogrammes, we have 
only to apply it at E, and the numi)er marked by the 
descending arm of the spring will be the value of 
the force. 

There are other kinds of weighing instruments in 
which the spring is spiral, as in Fig. 2585. This 
spring is contained in a cylindrical metal box, to the 
upper part of which it is fixed in the point d; ito 
lower end being connected with a disc A to which is 
attached a rod that passes through the spring along 
its axis and out through an orifice in the top of the 
box. The end of this rod is provided with a ring B 
by which it may be held or suspended on a fixed 
point In this case the weight, or force of any kind, 

18 applied to a hook fixed to the bottom of the box. 

Under the action of this force, the spiral spring is 
compressed in a vertical direction and the rod issues 
from the box. The quantity of the rod outside the 
box is the measure of the force. The mode of gradu- 
ating this instrument is the same as in the former 
case. 

The instruments we have described are suffi- 
ciently exact for the purpose of trade to which they 
are applied. But to measure accurately forces 
greater than 100 kilogrammes, a more precise appa- 
ratus is used. This apparatus, which is known as 
Beamier s dt/namometer, consists essentially of a spring 
AB, Pig. 2586, of two arms or branches joined at 
the ends. The middle C of one of the arms is fixed, 
and the force to be measured is applied to the middle 
D of the other arm, in the plane of the spring, and 
according to the line which would join the points O 
and D. The quantity by which the two arms recede 
ft*om each other is indicated by the index O or, the 
point of which moves in a circular arc. The gi^u- 
ation of this arc is effected by placing the instrument 
in a vertical position, and then applying weights to 
the point D. It will be seen that the instrument 
has two graduated scales; one refers to the case we have supposed when the J^int C is fixed by 
means of a hand-screw placed in this point and the force is applied to the point 1); the other refers 
to the ease when the point A is fixed and the force applied to the point B. In, this latter case the 
force is measured by the rece<ling o. the points A ana B, which implies the approach of the points 
C and D ; and this appro^h is marked by a second p)int y of the index, which moves in a second 
circular aro ooncentric with the first. When the points C and D approach each other, a rod fixed 
to the point D tmms a crooked lever to which it is jointed in i ; and the long arm of this lever 
moves the index in the direction of the lower arrow ; but when the points 0 and D recede from 
each other, the lever turns in the opposite direction, and the index resting by its weight against the 
lever, moves in the direction of the upper arrow. The second mode of employing the instniment, 
by fixing the point A and applying the force at B, serves to measure considerable forces, the mus- 
cular force of a horse, for example. 

Poncelet is the inventor of a mnch more simple dvnamometer, which was made use of by Morin 
in his researches in connection with the subject of Friction. It consists, as shown in Fig. 2587, of 
two equ^ and parallel strips of steel A B, A' B', jointed at their extremities. The middle I of one 
of these is fixed and the force applied to a hook C placed for this pnrtKise on the other. The force 
is measnred by the quantity bV which the middles recede from earn other, this quantity Mng 
indicated by the strips themselves on a divided rule fixed upon one of them. The advantage of 
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this arrangement consists in the fact that, if the force does not eiceed a ceirtain limit, the variation 
ofj^he distance between the two middles, that is, the excess of the distance observed over the 
primitive distance corresponding to the natural state, is proportional to the force that causes it ; so 
that knowing tliis excess for a determinate force, by 

measuring the distance corresponding to a given force 2587. 

we may deduce the measure of it by a simple propor- 
tion. If the forces to be measured are great, the 
parabolio form may be ^ven to the springs, as shown 
in Fig. 2588. The flexions obtained are, in this case, 
the double of tliose which would be oWined with 
springs ofiering the same resistance, but having a 
uniform thickness, a fact which increases the precision 
of the instrument. It was found from experiments 
made by Morin that the flexions remain proportional 
to the forces exerted so long as these flexions do not 
exceed A of the length of the springs, reckoned from 
the joints. 

Dynamometers are employed also to measure the 
work done by these forces ; they are then called style 
or tell-tale dynamometers, according to the principle 
of their construction, and they are arranged in two 
different ways, aoxjording as the motion to which 
they are applied is one of translation or of rotation, 
such, for example, as the motion of a carriage or of 
the driving axle of an engine. We will first consider 
a motion of translation, in which case the instrument 
is called a tntetiun dynamometer. 

Two emial springs A A', B B', Fig. 2589, of about 
0"”68 in length, level on their inner surface, and 
paralx)lio on their outer surface, are jointed together 
at their ends and held in the middle by two 
catches. The catch of the spring A A' is fixed 
to the vehicle on which the experiment is to be 
made, and the other on B B' is provided with 
a ring a a' to which the motive power is ap- 
plied. The part in the figure marked bb' is 
intended to prevent injury to the springs from 
overstraining; it is connected witn a similar 
piece on the other side of the springs by the 
tx)Us c e\ against which the front spring 
strikes. 

To the front catch is fixed a pencil, and 
below the |iencil a roll of paper is arrangt*d 
which moves with a motion proportional to that of the vehicle, but in a perpendicular direction. To 
obtain this motion, an endless band is passed over the nave of one of the front wheels, and the band 
mode to turn a small pulley-wheel, to the axle of which an endless screw is attached ; by this means 
the little cylinder c is made to revolve. A cord ])aasing round this cylinder transmits the motion 
to a conical drum f, upon the axle of which the cylinder y is fixed ; this cylinder receives the paper, 
which is first rolled round the cylinder A. The paper is held in contact with the pencil by the two 
interm(‘diate cylinders • and A crank handle m serves to roll the pai>er upon the cylinder A. 
The use of the conical drum / will be obvious. If the motion of the vehicle wrero transmitted 
dirwtly from the little cylinder c to the receiving cylinder < 7 , as the paper which is rolled on it 
gradually increases its diameter, the motion of the vehicle remaining uniform, that of the paper 
would be accelerated. This inconvenience is avoided by interposing the drum /, whose diameters 
are so calculated that its rotary motion is retardetl as the paper is rolled upon and consequently 
the motion of the paper remains uniform. 

A second j)encil, fixed to one of the guard-pieces bh\ tracea upon the paper a straight line, 
which serves as a term of comparison in computing iiie distance of the springs apart, marked by 
the curve which the pencil affixed to the front catch traces. The fixed pencil is arranged so that 
the straight line traced by it may correspond with the natural state of the springs, that is, to no 
effort on the part of the motor. It follows from this that the ordinates of the curve, reckoned from 
this straight lino, are proportional to the forces exerted ; besides this, the abscissas parallel to this 
straight line, or the tracks described by the paper, are proportional to the roads passed over by the 
vehicle ; consequent! v, the work effected by the motor is proportional to the area of the curve traced 
by the moving pencil, and comprised between this curve and the right line traced by the fixed 
pencil. 

This area may be computed by the ordhiary methods of quadrature, or by means of a planimeter. 
But Morin has pointed out a much simpler method. The ^per used for this purpose is machine 
made, and of great homogeneity; we may, therefore, admit that its weight is proportional to its 
superficial extent. Hence, if we out the paper along the curve and the straight lino, and weigh 
the band thus obtained, knowing the weight of a superficies of the same paper, the whole rectan- 
gular band, for instance, whose dimensions are known, we may deduce the area by a simple pro- 
portion. 

We know to what force a given distance between the springs, or any ordinate of the cuire, oor- 
responds* We know also, from the tranconisskni of the motion, the distance or track desoribM by 
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the paper which the Tdiide is advaaoing by a gi^en quantity, 1 m^tre, for example ; we, therefore, 
easi^ deduce from the area found the number of kilogrammbtres representing the work eirect|4. 
Let A be the distance between the springs, produced by a force of 1 kilogramme, and y the distance 

produced by a force F ; we shall have F : = y : A, whence F = in kilogrammes. 

Let ( bo the track described by the band of pa^ for 1 m^tre of distanoo traversed by the 
vehicle, and x the track described by the paper for a distanoo of e metres ; we shall have 

X d X 

a? : e = c : 1", whence e = and dexs — • 

* c 

Now the work T, effected by the force F, is expressed by 

T=/F<ic, orT=/?.^=l/ydx; 

but the area of A of the curve traced by the moving pencil is expressed by A =: fydx between the 

same limits. Wo get, therefore, T = ^ , and this value will be expressed in kilogrammMres. 

Suppose, for example, that the area found is 0*75 square metros. ’Let A = 0*000125, and c = 

0“-018; we conclude T = 0 018 kilogmmmfetros. 

With bands of pa^r 16 or 18 metres in length, the experiment may be continued over a distanoo 
of more than a kilometre. 


When it is required to continue the experiment over a greater length of road, this kind of 
dynamometer is not sufficient, and the tell-tale dynamometer is substituted for it. On the hinder 
catch is fixed a vertical rotating axis having on its lower end a pull»^y-whet‘l which receives the 
motion of one of the front wheels by moans of on endless cord. On the same axis is fixed a hori- 
zontal solid wheel which revolves with the pulley-wheel. To the fnmt catch is aflixed a horizontal 
rotating axis, bearing at its extremity a small wheel, the cLrcumference of which is in contact with 
the horizontal solid wheel, and which, consequently, receives the motion of the latter — a motion 
which becomes more rapid as the small wheel recedes fmm the centre of the other, and which, there- 
fore, is proportional to the force that separates the springs, sinct) the small wheel coincidt*« with the 
centre when at rest. The number of revolutions made by the small wheel in a given short tiuu^ is, 
therefore, proportional, on the one hand, to the rotary sn^ of the solid whc*ol, and conmijuently 
to the elementary track or distance described by the vehicle, and, on the other hand, to the force 
exerted u^ion the dynamometer. It is thus proportional to the proiluct of these two magnitudes, 
that is, to the elementary work effected by the force. The tf)tai numU^r of rt‘ volutions made by 
the small wheel during the expriment represents, therefore, the sum of the elementary work of 
the force, that is, the total work of this force. To facilitate the counting of the numl)er of revolu- 
tiop, an endlcM screw is arranged on the axle of the small wheel, which screw transmits its motion 
to indices moving on divided limbs, and marking upon one the revolutions and tens of revolutions, 
and on the other the hundreds and thousands. 


In making experiments in towing vessels, when the band of paper cannot be put in motion by 
the veliicle itself, an arrangement of clockwork is employed, which 
gives it a sensibly uniform motion. aswJ. 

The curve traced by the pencil does not in this case give the 

work of the force, but its impulse^ or /Ydt; and, by dividing it by r “ 

the tf)tal duration of the experiment, we obtain the mean value of ^ Y 

the force ezerh4. \ 

If it be reouired, in this case, to compute the work, it may Ix) \ 

accomplished by placing marks along the shore, and making a B / il 

stroke on the paper every time the vessel passers one of these marks. ( M 

The strokes thus made divide the curve into portions, the mean 
value of the force of each of which may be; computed. Multiplying ft 

this by the distance Ijetwcen the two oorresjKmding marxs, we y Ff' 

obtain an approximative value of the work which applies to the ; f ftp j 

interval between these marks. The same process is continued for A( IX 

the other intervals^ and the sum of the work so found is the total ) 1 * ! & \ 

amount of work ; out this method gives only a rough approxima- ^ o t? ’ 

tion. * 

Let us now suppose the case of determining the value of work 
in a rotary motion, in which case the dynamometer is called a rota- 
tion dynamometer. The motion is transmitted by means of a belt 
to an auxiliary axle A A\ upon which is fixed by slight friction a 
wheel B of about 0"'*89 in cluimeter. Fig. 25110, intended to trans- 
mit, bv means of a second Ult, the motion of the auxiliary axle to 
the other parts of the machine, afid to overcome the resistances to 
which it is subject. Tlio axle A A' cannot carry round the whfx;I B, 
because it is not solid with it; but a sjiring, the end c of which 

w Bbovm in the figure, is fixed into this axle in tlie direction of a mdius; and in the motion 
of A A lU end rames in contact with a piece DD', fixed to the wheel, and carries the latter found 
after having undergone a flexion propf>rtioniil to the force to be transmitted. 

Ufion the a^e A A' is fixed a framework, one side, EJC', of which is sliown in the figure : thli 

JTf* of cylinder, wwlngon. U< that we de«<ribed 

vnen speaking of the iranslatum dynamometer, md which puts bi motion a strip of fssper pressed 
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npoa • peneQ p fixed to the wheel. The paper receives a motion proporttanal to that of the 
•cle in the following manner. This axle is embraced bv a collar F F', which may be made, fixed 
in space ; this collar forms a conical wheel which gears into a conical pinion partly shown in the 
fi^ro ,* the axis of this pinion is adapted to the axle A A\ and is provided with an endless screw 
which gears into a cylindrical pinion fixed upon the axle of the little cylinder a. Upon this cylin- 
der is wound the thread whicn turns the conical drum b ; upon the axle of this drum is fixed a 
cylinder around which is wound the band of paper, unwound from the cylinder c by passing over 
the cylinder d. It will be seen that the conical pinion being carried round with the axle A A', and 
tlio collar F F' being fixed in spac^ the pinion is forced to assume a rotary motion about its own 
axis, and it communicates this motion to the band of pa^r. If the pencil p were solid with the 
axle A A', it would trace upon this band a straight line, which, according to the arrangement 
adopted, would bo the middle of the rectangle it forms ; but as the pencil is fixed to the wheel, 
and consequently follows the fiexion of the spring, it traces a curve, the ordinates of which, with 
reference to this middle lino, reprciseut the flexions of the spring, that is, the forces transmitted ; 
whilst the abscissie, reckoned according to this same middle line, that is, the distances run through 
W the band of paj^r, represent the distances descrils^d by the point of application of this, force. 
The work cflected is, therefore, again represented by the area of the curve traced u{xju the paper. 

It must be remarked that the axis of the conic^ pinion is in a plane perpendicular to that of 
the axle A A* but tliat these two axes never meet. 

We have hero an example of helicoid gearing, which might be replaced by a hyperboloid 
gearing. 

The spring is balanced by a counterpoise on the opposite side of the axle. And to avoid the 
risk of breaking the spring the displacing of the wheel is limited. 

As in the case of tne traction dynamometer, the tcdl-tale wheel may be substituted for the band 
of paper and the style. Tlie solid wheel, per^ndicular to the axle A A', is put in motion by a 
t<K)th(xl whecd tiimcKl by the en<llc8S screw upon the axle of the conical pinion. The little tell-tale 
wheel is affixed to the wheel B, When nt rest, the little wheel occupies the centre of the solid 
wheel ; but when in motion, it recedes from it by quantities proportional to the flexions of the 
spring ; so that the number of revolutions that it makes in a given time is again proportional to 
the prwluct of the force exert('d by the distance run through, that is, to the work eflbeted. With 
this apparatus, the experiment may be continued for a day, a week, or even a month, if the various 
parts arc proixirly proportioned. 

The principle of the instruments we have described is due to M. Poncelet. The Bentall and 
Saurint's dynamometer are founded on the same principle. 

The former of these instruments is used to compute the work of ploughs. Its chief part is a 
spiral spring carried upon wheels and fixed by one end to the plough and by the other to the swing- 
bar to which the jwwer is applied. The fore end of the spring is connected with the horizontal 
axle of a small wheel which rests upon a horizontal solid wheel ; the latter receives a rotary motion 
alKUit a vortical axis, w hich is proportional to that of the vehicle ; and the small wheel recedes 
fniin the centre by a quantity nrojwrtional to the flexion of the spring. Whence it follows, that 
the number of revolutions made in a given time is proportional at once to the force exerted and 
to the distance traversed, and consequently to the work done by the motor. Unfortunately this 
iTistrument is liable to bo thrown out of order by the inequalities of the soil, and it does not always 
giv(‘ exact results. 

The ilynainoincter introduced into the French navy by M. Saurincs servos to compute the work 
consumed by the helicoid scrow-proixjllcrs. In screw vessels, the axle of the cranks of the steam- 
engines runs into the axle of the screw, to which it is fixed. Sauriues* dynamometer is plaecti at 
tlu5 ix)int of iutcrniption of those two axles. To the end of the crank-axle are fixed two equal arms 
diametrically op]x>sed; and to the corrc8]K)nding end of the screw-axlo are fixed two similar arms, 
but placed at right angles with the first two. The ends of the latter are connected with the ends 
of the other two by flat springs, thinner at the middle than at the ends, and presenting a natural 
curve which has a tendency to diminish under the influence of a longitudin^ tractive force. It 
will bo seen that tho crank-axle cannot turn tho screw-axle except through the medium of those 
springs which yield by a quantity proportional to the force exerted. It is, how'ever, not this detorm- 
ation that is measured directly. The middles of the opposite springs are connected by steel bars; 
when the springs by yielding tend to become straight, their middles approach the axis of rotation, 
and force the steel bars to bond. It is this flexion that is used to compute the work transmitted. 
For this purpose, a piece of paper is placed on a fixed cylinder having the same axis as the revolving 
ax] ^8 ; and ^rpendiculorly to the surface of this cylinder are placed two pencils, carried round by 
the general rotary motion. Tho first, which is fixed with respect to the axle of the cranks, traces 
on the paper the lino zero, tho one corresronding to no force t^smitted. The second, fixed to the 
Btc(3l bars, which tend to move it in the mrection of, and along the length of the axle, but held at 
the same time by a spring, traces upon tho cylinder a curve which deviates from the line zero by 
quantities proportional to the force transmitted. The area comprised between this curve and tho 
lino zero is, therefore, proportional to the work eflected. This arrangement, invented by M. Saurines, 
enables us to compute easily the large amount of work transmitted to tho screw of powerful veswls, 
often amounting to more than 2000 horse-power. To obtain oorreot results, however, the engines 
must not exert too variable a force. 

Bourdon has lately invented a rotation dynamometer that is quite new in its arrangement. It 
©onsists of two cogged wheels of helicoidal gearing, equal and with [parallel axes, which tooth into 
each other. One of them reoeives the ipotion of the motor by means of a belt ; the other trapsmits 
in like manner to the operator the motion which it has received from tho first. But its axis may 
be displaced in the longitudinal direction, by routing at one of its ends, against a spring. The 
pressure which this second whexd receives from the first has a component pamllel to the axis which 
Is proportional to it ; this com|x)nettt iv^uoos a slight displacement of the axis which causes the 



1806 


DTNAMOMETEB CAB. 


norteg to yield by a certain quantity. This flexion is transmitted to an index which moves on a 
divided circular arc. By means of this arrangement very considerable forces may bo measured b) 
employing only thin and very flexible springs. Knowing besides the clistaTu^e described by the 
point of application of the motive force, we are in possession of all the elements necessary to com- 
pute the work transmitted. 

It remains for us to say a few words of the instrument known as the American dynamometer^ 
invented by Wliite, which is founded on a principle quite diflerent from those of the preceding. 
This dynamometer, which serves to measure the work on engines, otters an application of the 
Roman balance. It is represented in Figs. 2591, 2592. Upon a horizontal axis u 6 are mounted ; 

1, a pulley A which receives the motion 
from the motor, by means of a belt; 

2, a loose pulley A\ ^ual to the first, 
upon which the belt is passed when it 
is required to stop the apparatus ; 3, a 
pulley B which transmits the motion 
and is designed to overcome the resist- 
ances ; 4, a loose pulley equal to B, B' ; 

5, two bevelled gear-wheels C and D, 
both of which tooth into two other 
similar wheels equal to each other £ 
end F. The axis of each of these is 
connected with the l)eam of a kind of 
Roman balance O 51 N, held in equi- 
librio by a counterpoise Q. On the long 
arm M N of this beam slides a running 
weight P. and this arm is divided into 
equal parts. 

8up|X)8e that the motion of the 
driving pulley A takes place in the 
direction of the first arrow. If the belt 
be thrown off on the side of the resist- 
ance, the beam has a tendency to be 
drawn in the direction of the stjcond 
arrow, and the dynamic equilibrium 
can be restored only by hooking the P 
to the ring and by giving it a proper potion on the beam, whence we easily deduce the momentum 
of the force P, eaual to that of the resistance, and conw^queutly the resistance itself; since it acts 
tangentially to the pulley B, the radius of which is known. A tell-tale put in motion by the 
revolving axle by means of an endless screw gives the numW of revolutions ami fraction of a 
revolution which the axle makes in a given time. Thus we have the two elements of the work to 
be measured, and consequently this work itself. 

To prevent the oscillations of the beam during the experiment, or at lt»a«t to reduce the magni- 
tude of them, its extremity is attached to a piston which moves within a cylinder, the air in the 
cylinder being compressed by the motion of the piston. Sec Accelebation. Angi lau Motion*, or 
Velocity. Balance. Belt.s. Brake. 

DYNAMOMETER CAR, Fr., Wayem Dynamometre; Geb., Dynamometer- Wayen ; Ital., 
Dinamfimetro di trazime ; Span., Wayon dinamom^triro. 

This ingenious and useful machine, shown in Figs. 2593 to 2597, was employed by 515f. 
Tuillemin, Guebhard, and Dieudonne, in making their useful and extensive cxiM*rirneuts on tlm 
resistance of railway trains, and on the power of locomotive engines. The results ohtainc<l by this 
accurate and complete machine, with respect to the difTercnt elements involved in the motion 
of carriages and engines on railways, on account of their practical importance, we give at full 
length. 

To determine the resistance of a single carriage or of an engine to traction, we have had 
recourse to two methods. 

Firit Method, — This consisted in driving the engine or the carriage at a certain velocity, ami 
then suddenly leaving it to itself till it stopfied. The distance was then measured from the jKunt 
at which the retardation of the motion b<;gan to the point where it become uul. 

Let m be the mass of the vehicle ; 

its initial velocity (in metres a second); 
a the space traversed (in midres) ; 

X the mean resistance daring the traversing of this space (in kilogrammes). 

If the lino is leyel, we shall have the following equation ; — 




i. 


w 


The mean valne of the resistance x may be determined. 

The equation [«] must be completed by a term taking Into acoomit the rotatory force of the 
wheels. This force tends to impel the vehicle forwards. We shall give later the details of 
the calculation relative to this correction, and it will be seen that, for a carriage, a term 25 
must be added to the first member of the equation. We sliall then have 
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This method mav be employed to determine the resistance for a given velocity, or the tractive 
aower which must m exerted upon the vehicle to maintain this velocity. Suppose that, during 
the time of retardation, a certain number of points have been marked for the time and the space. 
We may then construct the curve of the spaces traversed as a function of the time, s = /(t). If 



Elevation, 
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the corre of the aooeloretions, j = f* (f )• Multiplying the ncocleration j at a determinate instant 
by the mass w, we obtain the force applied, F = tn/' (f). Thus, having constructed the curve #7 
the accelerations, we have only to multiply the ordinates by a constant »), to find the retarding 
force at the different instants. 



Second Method,---l!\i\n consisted in making experiments with a dynamometer. The appamtus 
is placed in a covend i^arriage which is attached imnudiatcly tr» thf tender. 'ITic <y»tipltrtg rod is 
counected with the movable portioii a of the dynauiomeiricai spring : the fixed |ioriiuu U of this 


Section through A B. 




DYNAMOMETEB CAlt. 


1301 

^spring is firmlv attached to the framework of the carriage. In this way, the tractive force is made 
*to pass througn the spring before it acts npon the carriage. 

The movable portion a carries a vertical pencil c, which moves forwards or backwards in a 
vertical plane, according as the spring bends more or less. Beneath the pencil, a strip of paper 



moves in a horuontal plane around a roller d, which is kept in motion by a piece of dodework 
in the box/. 

The distooes are marked by hand, by means of the pondl g. They are also noted by meane 
of a tell-tale in the box /. The c^ief whed of this tell-tale is turned by a diok, which la acted 
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upon by an eccentric placed on the axle of the carriage. The hand, or needle, makes one reToln* 
tion a kilometre : the divisions of the dial are of 10 mi^tres. ^ 

If this instrument should get out of order in rounding curves or while the train is being 
shunted at stations, it is easily rearranged by means of the kilom«^tre-posta on the line. 

The pencil A serves to show the time, but it is necessary to mark the time by hand as well, 
because the strip of paper does not unroll itself at a uniform rate on account of the jolting which 
deranges the clockwork. The unrolling of a strip occupies about an hour ; it may be replaced 
by Another strip in five minutes 

259ft 
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A vane placed on the top of the carriage turns inside an indicator upon a divided circle. We 
are thus e^blcd to ascertein, when stationary, the angle which the wind makes with the axis 
of the carriage. By the side of the wind indicator is a compass, which gives the angle of the 
magnetic meridian with the axis of the carriage : we thus fina the direction ot the wind. 

The temperature is shovm by a thermometer. 

Fig. 2597 gives the details of the dynamometrical spring. It is oompoeed of fourteen pfecse of 
1® 01 in length; the ends of two adjacent pieces are connected by two bolts and two small 
washers. The spring is easily put together or taken to pieces ; according as the tractive strain is 
to be more or great, the whole or a part only may be made to act. 

The deflections of the spring were carefully measured and noted with respect to the foros 
exerted upon it, before it was used in the dynamometer carriage. 

Ther^ a s^e for each coupling, namely, for two pieces, for four pieces, &c., and for fourteen 
pieces. The deflections are nearly rigrjrously proportional to the forces. This large spring, which 
was mde by Messrs. Fetin and uaudet, is an excellent one ; its flexibility was in no degree altered 
by the experiments made with it ; to test it, its deflections were tried after it had been In nse 
tira^ and they were found to correspond exactly with those of the first trials, 
of the dy^mo^t^ wristance of pasw^nger or goods trains, we always had recourse to the method 

of a dingk Caniage^jFint experiments oonnected with this subject 
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were made between Epemay and Gh&lona. This portion of tho line, 18 kilometres in length, is 
eminently favourable to trials of this kind; tho incline is uniform and very gradual (gradient 
= O'” *4), descending from Epemay to Ch&lons; besides this, the line is straight for a distance 
of 10 kilometres in one place and 3 in another, and the curves are all short and of a long radius 
(radius =s 2 to SOOO m^tra). 

The mean temperature 
was 25 degrees centigrade. 

Mean Resistance o/ a Car- 
riage driven at different Veh^ 
cities , — The covered, four- 
wheeled, dynamometrical 
carriage with which the ex- 
periments were made was 
rumished with oil-boxes, and 
weighed 5500 kilogrammes. 

Metres. 

(Height 2*30 
Dimensions (Breadth 2*60 
(Length 4*90 

Diameter of the wheels 
= 1 metro. 

This carriage was at- 
tached immediately to an ^ ^ ^ ^ 

tanctwnntcr and a chrono- Curve* of Rcs..tonc« of Pa**enpr Trains 

meter. When the epe^ Scale of * 1 ^.'. '*"'^*™' 

agreed upon was reached and V* ^ kdogramme. 

had become uniform, at a given signal tho carriage was detached from the engine, and left to 

itself till it stopped. This experiment was reneated several times with various initial velocities. 

Five experiments of this nature were made, the results of which are given in tho following 
Table ; — 



Nature of 
the Line. 
Qradienta. 

Initial Velocity 
in mbtrea a 
aecond. 

DIstanon 

travelled. 

Keaistanoe 
deduced from 
the Formula. 

KMistanoe 
corrected for 
Gravity. 

Cneflklent of 
Besliitanoc a ton. 

mill. 

metrea. 

metrea. 

kiU. 

kila. 

kila. 

0*4 

5*00 

885 

19*80 

17*60 

3 20 

0*4 

6*65 

550 

24*60 

22*40 

4*07 

0*4 j 

13*90 

1333 

44*20 

42*00 

7*63 

0*4 

13*90 

1408 

41*70 

,39*50 

7 18 

0*4 

12*50 

1347 

35*30 

33*10 

6*03 


It was necessary to reduce slightly the total resistanse of the carriage, calculated by formnli 
on account of the inclination of the line. This was accomplislmd by sup]X)sing tlmt the resistance was 
increased 0*^*4; this gives for the carriage, 5*5 x 0*4 = 2k *2. We shall mio later that these figures 
correctly represent the influence of gravity upon the resistance of carriages on a gradient of 0**4. 

The last column of the preceding Table givtrs the mean tvx'fficient of it^sistance for a covered 
e, such as the one we have described, rolling ujsm a straight and level lino. Its in 
le initial velocity cannot fail if) attract attention. We cannot give exactly tho speed to 


_ j increase 

with the initial velocity cannot fail if) attract attention. We cannot give exactly tho speed to which 
the foregoing cx)efficient8 mir^pond ; for the mean speed is not equU to the mean of the extremes, 
that is, to the half of the initial velocity. It was ol>served that it was considerably b)ss than this 
half, especially when the initial velocity was great, because tho resistanoo increases with the speed. 

To^ determine the law of variation of the coefficients with the speed, wo had reoourso to tho 
graphic method already described. This method is certainly of diffic^t application ; oirors of 
observation, errors that can hardly be avoided in the constraction of the tangents may bo multiplted 
from one curve to another ; the results which we have obtained are, however, tolerably g^. 
This method was applied to the first four experiments noted in tho preying Table. 

Figs. 2599 to 2602 represent the four series of curves. 

The extreme portions of the curves of acceleration are less accurate than the mean portions, on 
account of the mphical constraction of the tangents. Oionping the figures given in Figs. 2599 
to 2602, and making the coneotion for gravity, we obtain the following tiible, which c^ves the law 
of the resistances on a level line from 0 to 85 kilometres an hour. 


Speed an boor. 

R««datanoeof 

theOarriage. 

CoefBdent of 
Rceiatance a ton. 

Speed an boor. 

Beelstenoeof 
tbe Qurrtage. 

Coefflcleiit of BealeUiioe 
a ton. 

UlomMnL 

85 

25 to 80 
20„25 

15 „ 20 


kUogrammea. 

7*6 

6*3 

5*4 

4*3 

kllombtrea. 

10 to 15 

6 „ 10 

1 „ 6 

0 

kllogrammea. 

19 

14 

11 

48 

kilogrammea. 

8*4 

2*5 

2*0 

8*7 (starting) 
















'669C 



Dpamometncal Curves. 

Tnln (2) 16 of the 5th June, 1866, startiiig fiom Charlorille. 


1814 


DYNAMOMBTEB CAB. 


Second Method.— l^e dynamometer oarriage being attached to an engine, its own resigtance WM 
first determined, which is, therefore, alone represented by the curve. It will be interesting lo 
compare this result with those given previously. 

Graphic Method applied to a Single Vehicle. 

2602. 



2603. 



« , f i mill, f»»r '2 m<?trei. Ordinate. 

^ \ J mill, for 2 m'onds. AtMaiuue. 

S«?ond Kxp*»nmcnt on th».* Unllin); of the I>yiM»- 
morneter Carriag<*. Weight 

7^cifuU\ 


« 1 / i * mt*trc. Ordinates. 

^ \ I mill, a eecobd. Abscissa*. 

First Experiment on the Rolling of the llyua- 
mometer Carriage. Weight 55CK)*^. 

Hesults. 

ForV=9‘‘-4 F = 29*‘-20 / = 

„ V = fik-5 F = 20^-70 / = :j»'-7d 

„ V = 4'‘*7 F=i:i*‘'90 / = 2‘‘*53 

„V=:4^*1 F= 12^*50 / = 2»‘*27 

V = 2^-7 F = 2(ik*70 / = 

V = 0»^ F =r 52^*.'10 / = f»'» 50 


For V = [f^'4 F = 21“ 00 / = 3“-82 

„ V = 7“ .*> F = lh“ 40 / =r 3“ :13 

„V=:,“S F=17“<M> / =r .1“ *07 

„ V C= 4“ 5 F = 13“-9o / r:. 2“‘70 

„ V =: H F = 13“ «0 / = 2“*47 

„ V =r 2“ 9 F = 14“*r,0 / r= 2“*65 

„ V :=r o“ F =: 40“*.W / = 8“-42 


The tractive power requisite for the carriage alono is very small, and must Ire measured In a 
s^ial manner. Indeed, the smancHt errrrr in drawing the lino of the abscisfun, due either to the 
play of the paper iqion the rollers, or to a faulty arrangement of the pencil, would be a consider- 
able fmetion of the quantity to measun^d ; wc were thus led to aiiopt an arttfi(^. The carriage 
was first drawn at a uniform speed, the liuc a 6 being marked by the iioneil ; the eiigiuo was then* 
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■Qdd 0 iil]r detached, and the same pencil marked the line cd; the distance I between the two linos 
measures the resistance of the carriage. 



The resistance was then found to be 

25 kilogrammes at the speed of 25 kilometres an hour, say 4^^ * 54 a ton. 

60 n t» »» „ 

These figures are a little less than those found by the first method; this is owing to the 
tenders having covered a portion of the front of the carriage. 

Graphic Method applied to a Single Vehicle. 

2605. 


2604. 



Scale / ^ ^ Ordinates. 

\ I mill, fur 2 seconds. Abscissa'. 


Thin! K.xperimcnt. 
Jirsiilts. 


Foi' 

V 

= 

33‘'-8 

F 


44k-l6 

f 

=r 

8“ 0.3 

»» 

V 

= 

27^*8 

F 

= 

37'‘() 

f 

= 

Gk-78 

ft 

V 

= 

23‘‘*2 

F 


32k-30 

f 

= 

5k -87 

»» 

V 

=r 

18k-0 

F 

=r 

2tJk*7H 

f 


4k -88 

»» 

V 

r= 

14k-0 

F 

=: 

22k*(i9 

f 


4k *02 

»♦ 

V 

= 

9k*9 

F 


17k -39 

f 


3k' k; 

>» 

V 


7k-8 

F 

— 

15k *45 

f 

— 

2k '82 

>» 

V 

= 

fi^-3 

F 


15k0 

f 


2k'72 

»» 

V 

== 

4k-4 

F 

= 

13k*8 

f 

=: 

2k’52 

?» 

V 

= 

2'‘*3 

F 

s: 

21k 1 

f 

= 

3k'84 


V 

= 

Ok 

F 

= 

60k-6 

f 

= 

9k -20 



Fourth Experiment, 


For V 


24’‘*8 

Eesults. 

F = 34^ 

/ 




V 

=r 

21k*4 

F 

= 

30k’5 

/ 

= 

5k 54 

fS 

V 


l«ik 4 

F 

r: 

2r>k 

/ 


4k’ 55 

»• 

V 

= 

I 2k d 

F 

= 

20k’8 

/ 

= 

3k-78 

»9 

V 


9'' 9 

F 

r= 

17k-2 

/ 

= 

3k’ 12 


V 


8k’ 1 

F 

r= 

llk*6 

/ 

=: 

2kl2 

99 

V 

= 

5»‘*9 

F 

= 

llk-l 

/ 

= 

2k-02 

99 

V 

= 

3k8 

F 

= 

llk’4 

/ 

= 

2k’()7 

99 

V 


2k 8 

F 

= 

17k’2 

/ 

= 

3kl2 


V 

=r 

Ok 

F 

= 

29k-5 

/ 

= 

5k-35 


The ooeffleient of resistance a ton, at starting, 8^*7, given by the last Table, was also verified 
approzimativelj by means of a small dynamometer with a spiral spring, placed in the chain, by 
t wnioh the carnage was gently drawn until its inertia was overcome. 
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BesisUmce of Engines at different Fe/ociYws.— IfciAorf.— The experiments in this case were 
made between Epemay and Gh&lons ; the engines and tenders were carefully weighed at E)iernaf 
before starting, and again on their return, the object being to determine the resistance of engines 
under oidinary conditions, that i^ having their steam up and being properly greased. 

The engines were started at different velocities, and when the speed had become uniform, the 
steam was shut off and the engine left to itself till it stopped. The distance and the time wore 
measured by a chronometer and a distance-counter. 

The initial motive force is composed, not only of the force due to the rectilineal velocity of the 
total mass, but also of the force due to the rotation of tlio revolving masses (see Note A, later). 
The engines submitted to these experiments were of two kinds. No. 15 a goods engine, and No. 14 
used for mixed trains (Table I.). 

V being the velocity at the circumference, in metres a second, the motive force of rotation of 
the engine axles will be expressed as follows ; — 

18*4 X V* for wheels of 1 *20 metre. 

20 xV* „ i:io „ 

27*4 xV* „ 1C8 „ 


Admitting this, let 

s be the space traversed ; 
hi, the total moss in motion : 

V. the initial velocity in metres a second . 

а, the known resistance of the auxiliary carriage : 

O', the unknown resistance of the motor (engine and tender); 

б , a known term (depending on the revolving masses) ; 

we have the formula 

Qm + 6 ^V«=:(-I + x)X». [>] 


As an example of the application of this formula [7], let us take trial No. 1, Table TI. 

The mixed engine No, 2 I'd. system 14. the ten<ler"44(). and the auxiliary carriag«», in all throe 
vehicles, were driven at a spewl of 20 kilometres an hour, ami they stopped in 427 metres; the 
time spent in travt*r.sing this space was 2 minutes 30 seconds, from which it follows that the mean 
specnl was 10 kilometres an hour. 

We have, besides, 

I M = X (50400 + 5500) = 2850. 

4 = 25 + 2 X 27-4 + 3 x 18-4; 

whence 

h = 135, 

V* = 5-55* = 30*8, 
a = 19'b0, 5 = 427. 

SuKstituting these values in the equation [7], we find 2985 x 30 ’ 8 = (19 ■ 80 -f- j) x 427 ; whence 
X = 190. 

Thus the mean resistance of the engine awl tender^ during tlie time of retardation, was 190 kilo- 
grammes; if the line had been perfectly level, the re.sistance would have been diminished by 
0*4 x 50*4 = 20‘‘*10; say 20 kilogrammes. There remain 170 kilogranunes, which makes 3*^ *50 
a km. 

Notwithstanding a few variations, which may be attributed to the condition of the line and k» 
different degrtHi.s of lubrication, it will be seen that the cfMjfticitmts of Tabh* 11. may Ihi arranged 
so as to furnish a law of continuous increase with the initial velocity. The variation of the 
cof'fficientH fn»m one engine in another of the same ty|ii?, with an e>c{ual initial velocity, may ho 
explained by the more or less |K‘rfect working of the jwirts subject to friction. For different tyjMsti, 
besides this rcas^m, tin; variation depends u|X)n the dissimilarity of the mechanism. The relative 
inferiority of the crs tlicif nts for engines Nos. 253 and 0*155 is owing to the tenders of these 
engiru^s kdng pn»vided witli oil-lx)xe8. 

From Tai>le II, wre find that for the two mixed engines the coefficient / of the moan rcaistanoo 
a ton lias the following values ; — 


For an initial 


velocity of 20 to 29 kilometres, say a mean velocity 
„ 30 k) 39 ,, „ „ 

„ 40 k) 49 „ „ „ 

„ 5f) k) GO ,, ,, ,, 


of n^/= 3^*20 
4‘» ()0 
20^/=r 4^ *35 
23S/= 6'‘*70 


The goods engine No. 0*123 gives; — 


For an initial velocity of 20 to 25 


25 to 3.5 
35 k) 40 


kilom^ros, say a mean velocity of 

w n n 

f9 V )) 


9‘,/=.'5‘-82 
12“,/ = 6* -4.3 
)«»,/ = 7‘-52 


re«ult« of cngiDfi No. 0-155 caorioi lie combine*) with those of enf^inc No. 0-123, brnnase 
they ar<j not sufficiently numerous. The grunhio mcttiud of the curves of aceelenUtm was not 
applied to these experiments. 



Table I.— Kinds of Engines srnMiTTED to the Pynamometeical Experiments. 
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.—The new engines with eight wheels coupled, employed upon steep gradients, have their boilers 28 centimetres longer than the old ones, type 170, 
Brides this, the pressuie in tnese new engines, numbered 0 • 520 to 0 • GOO, lias been raised to 0 atmospheres. 
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Table II.— Exfebimentb on the Resistance of Enoines and Tendbbs to Motion. 


£z- 

peri- 

Type of Engine and Tender. 


Nature 

nf thA 

Initial 1 

Velocity Distanoe 

Time 

in 

Mean 

Velocity 

Mean 
Resist- 
ance by 

Oorreo- 
tion for 

Mean Reaiatanci 
on a Level 

Mean 
of the 




non. 

ttll 



Coeffl- 

menta 



Line. 

hoar. 

•eoonda. 

hoar. 

calcula- 

tion. 

Gravity. 

Total. 

aton. 

cienta. 



"i 


kilonu. 

mhtree. 


kiloms. 

kllogs. 

kilogs. 

ktloga' kilogs. 

kllogt. 

1) 




/ 

20 

427 

150 

10 

196 

20 

176 

3 -.501 

3 48 

2 



20 

430 

157 

10 

194 

20 

174 

3-46J 

8 





30 

688 

194 

12 

292 

20 

272 

5'38j 


4 

5 

6 

7 

Mixed, 249.— Type 14. 
Tender, 440. — Grease-boxes. 
Weight 50,000 kilogrammes 




33 

33 

38 

45 

840 
1115 
1465 1 
1640 i 

210 

269 

304 

280 

14 

15 

17 

21 

256 

187 

183 

243 

20 

20 

20 

20 

236 
207 
203 
223 : 

4-68! 
4-201 
4-lOj 
4 -421 

4 59 

4-81 

8 





45 

14.37 i 

280 

18 

283 

20 1 263 

5*20/ 

9 





51 

2137 ! 

362 

21 

237 

20 1 

257 ' 

5-201 

5-67 

1 

10/ 





55 

2047 1 

348 

21 

283 

20 ) 

303 J 

615/ 




g 


26 

740 j 

196 

14 

188 

20 ' 

168 ; 

3*301 

1 

2-92 

12 



! 

26 j 

910 : 

280 i 

12 

149 

20 

129 

2-,54/ 

18 

Mixed, 253.— Typo 14. 


a 

- 34 

1218 

290 

15 

186 

20 

166 

3-281 

3-41 

14) 

Tender, 484. — Gil-l»oxt«. i 


s 

, 32 

1350 , 

319 ; 

15 

200 

20 ‘ 

180 

3-r>4/ 

15 

, Weight 50,500 kilogrammesJ 


a 

43 

1730 ! 

350 ' 

18 

203 

20 

183 

3-61\ 

3-90 

16 



46 

2082 

362 

21 

190 > 

20 

210 

4*20/ 

17^ 



6 < 

60 1 

2626 

379 , 

25 

267 J 

20 

287 ; 

5*74 

! 5-74 

18] 



II 

20 

322 

130 

9 

242 

18 • 

224 

4*92| 

! 

19 


I 

JS 

a 

22 1 

346 

130 

10 

273 

18 

255 

5*63} 

5-32 

20 



.a 

20 ' 

840 

130 

9 

227 

18 

245 

5-40 


21 



S 

26 . 

380 

132 i 

9 

350 

20 

.330 

7-28 


22 

23 

24 

25 

' Good., 0123.— Typp 15. 
Tender. 1 18.— f»r(‘a.se-boxes.< 
Weight 45,300 kilogrammes. 



26 1 
26 : 
30 

32 i 

404 

450 

508 

610 

135 ! 
146 
150 
165 : 

11 

11 1 
12 ; 
13 1 

318 

2K3 

339 

312 

20 

20 

20 

20 

298 

263 

319 

292 

6- 53\ 

5- 82 

7- lK) 

6- 45 

! 

: 6*43 

26 




33 

700 

171 ' 

15 

290 

20 

270 

5-96 


27 i 




30 . 

6S0 

170 

14 

246 

20 

266 



28 1 




40 

842 

182 , 

17 

318 

20 

338 

7-45i 

7-52 

29/ 




39 

792 

180 ! 

16 i 

326 

20 

346 

7-60/ 

80 j 

31 j 

Goods, 0 ‘ 155.— Type 1 5. j 
Tender, 499.— Oil-boxes. [ 
Weight 48,600 kilogrammes. ) 

/ 



38 ’ 
40 ; 

990 

1015 

218 

214 

1 

16 ; 

i 

276 

307 

20 

20 

256 

287 

5-251 

5-93/ 

1 

5-59 


Second Each double journey, from Ejx'raay to CJiAlons end back, was made with two 

eDgines; the dynanK/meter plaot^i in the luiddh;, the at'cond eiif^ine, drawn on the outward 
journey, drew, in its turn, the first en^dne on the return. The hind ( had its regulator 
closed, its st<^ain shut otf, and its waste-piiK-s o|)en. In the mirldle of the jounioy tlie train was 
stopped for the purj^wk? of j^easing the cylindera of the engine which wa« Indrig drawn. The 
ty|K?« experimented ujion were? frmr in numiier ; the reaulte obtainnl will U? found in Table III. 

It will l)e seen that at the ordinary Hfwed, the resi-stance a ton of the enyim* nnd tender^ for tho 
rolling of these vehicles and the friction of their mechanism when not at work, reaches the following 
values; — 

Goods engine (tv]»e 15) .. V = 24^ / = 9^*52 

„ (tyi»e 29) . . . . V = 26^ / = 10“ • 24 

Mixed engine (tyjK! 14) .. .. V =r 45“, / = 

Engine with free wheels (tyjic 1) V = 45“, / = 5“' 48 

The fipires found by this method are naturally greater than those obtained by tho first 
process; tnespe<Kl is generally greater, and the greasing of the cylinders and si idi'- valves is not 
the same; here we travel sf;verai kilometres wiiltoiit sh^im in the cylinders and without grease; 
in the first method the engine goes but a few hundred metr«>s after the regulator is elosed. 

The following are two immediate applications which may bo made of the figures wo have given 
alxive. 

1. At their normal speed, (>-wbee]ed goods engines descend alone, without steam, inclines of 
9 to 10 millimetres; and mixed and free-wheeled engines descend alone inclines of 5 to 0 milli- 

2. To find the total work developed by an engine In front of a train, wo must odd to the work 
measured by the dynamometer the work absorlnxl by tho engine itself, Ixith by its trans[iort and 
by its friction. This may be done by multiplying tho above ooefficients by tho weight of the 
motor and by the speed. 

Ty|)e 20 gives a higher ooeificieni than iyf)e 15, though the latter has smaller wheels. The 
greater resistance of type 20 is prol»abIy due to the larger dimeusioDS of cylinders, and. in 
general, to a little moreWkm in tho y «ns «*, 

^c infiuence of the sfjoed upon the resistanoe is clearly seen from tho Table ; we shall 
to tliis subjcM;t later. 
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Tab|I ni. — ^DiKMKnDRBKMii ExraBiMBim ON THE Bebutahoe or GNanns aeb Tehsebs ie U<mov. 


Type of Engine. 


Number 
of the 
Engine. 


Diftmoe 
mu by the 
Engine 
since the 
|Uut general! 
repairs. 


Typo of Tender. 


Weight of 
the Engine 
and Tender. 


Number 
of Kilo* 
metres 
experi- 1 
mented 
on. 


Mean 

Speed 


Total 

mean 

Resist- 


Resist* 
ancea 
ton of 
Engine 
and 

Tender. 


of the 
ResisU 
ancea 
a ton. 


Goods.— Type 15. 
Six wheels coupled. 
D = 1»*30. 


0 151 


0123 


kiloms. 

18,231 


fFour wheels, greased 

1\ boxes j 

D = l“-20 


8,013 ! Four wheels, oil-boxes 
!D = l“-20 .. .. 


tons. 

49 to 50 

50 to 51 


Jk 

6 I 15 I 437 


10 

4 

8 

4 


497 

515 

416 

523 


kiloms. 

8*90j 

lO-OOi 
10*50 ' 
8-201 
10-30, 
Mean 


9-80 

9-25 
9 52 


Goods.-- Type 20. 
Six wheels coupled. 
D- l-’-dO. 


0-295 


16,403 53 to 55 


11 

17 


529 

582 


9- 62 

10 - 86 


! 10-24 


Mixed.— Type 14. i 
Four wheels coupled. 
D = 1»*70. 


249 : 12,895 47 to 49 

‘ i D = l“-20 .. .. : 


214 

189 


20.913 

D-i'«-2o‘ !! !. 

3,185 Four wheels, oil-boxes 51 to 53 
D-- l'"-20 .. .. 


11 

10 

5 

15 

3 

16 
5 


30 

49 

62 

29 

27 

35 

43 


347 

417 

588 

293 

272 

300 

307 


6-92 

8-55 

12-58 

6*01 

5-30, 
5-81\l 
5 - 92 /: 
Mean | 


7-73 

5‘65 

5- 86 

6- 41 

5 48 


Freewheel8.-Tyi)cl.| 77 j 19,623 grtaae-j 37 38 j 15 ! 50 i 232 

D = l*"*70. J ! D = 1“**00 I o I ! iQK 


41 185 


6-05 

4-92 


Jiesistancf o f Loemmtives nvd Tnidrrs at Siartin>i. — Tliere ts a special degree of friction at start- 
ing, because tbo condition of the surfaces with re.s)K‘ct to lubrification is Dot the same then as it is 
after the whetds have made a few revolutitms. For (-och vehicle a minimum force is necessary to 
overcome its inertia ; to determine this force accurately, it mu&t be applitd gradually till the mass 
is set in motion. This is hardly jmsiblc when a h^comotive is U8t?d; in ^most every case more 
force is applitxl than is necessnry. \Ve succei dcd, however, in fullilling the required conditions in 
a satisfactory degree, by drawing a heavy mixiHl emrine with a small one of freew-heels; the latter 
was obliged to exert all its strength to move the larger engine, the inertia of which was, conse- 
quently, gently overcome- It was found in this way that the mixe<l engine, type 14, with its 
tender, required a force of 820 kilogrammes, say 15*^* 90 a tun, and the goods engine, type 15, a force 
of a ton. 

These figures show with tolerable accuracy the value of the friction at starting. If now we 
start more energetically, the greatest force sliowu by the curve is not employed merely to overcome 
the friction, but to give eccelemtion to the mass Rcte<i uik)u. We have seen applied, to start a 
mixed engine, a forco of 40 kilogrammes a ton, yet the shock produced could not called violent ; 
and such starts as these are of daily occurrence. 

Jicmtancc of Titidirs (//om*. —Experiments were made upon tenders alone by mew of the dyna- 
mometej, the results of which experiments are given in Table IV. The mean resistance is 5**16 
a ton at a speed of 27 to 32 kilometres, and 7^ ‘00 a ton at a speed of 45 kilometres. 

Table IV.— Dtnamomxtbioal Extebiments on the BEsmraNCB of Tbndebs in Motion. 


lype of Tender. 

Kombor of 
the Tender. 

Wdgbt of 
tho Tender. 

Number of 
Kilometres 
exiieri- 
roented on. 

Meen 
foeed an 
muT. 

Total 

mean 

ReaiiiUmoe. 

Reeistanoe 
a ton. 

Mean of 
the Re- 
sistances. 

GntiMioxn, four wheels. 

D = l"-20. 

440 

174 

k. 

19,510 

18,600 

18,600 

19,510 

21,400 

8 

4 

5 

2 

14 

k. 

29 

27 

32 

44 

45 

k. 

99 

93 

101 

128 

160 

k. 

5*07 

4- 98 

5- 43 

6- 56 
7*45 

k. 

5*16 

7*00 


of Engines with Four Axks esapfed.— Four experiments were made to determine in 
a special manner toe reiistanoe of engines with four axles coupled. We had at our diqfwsal a 
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stiaight piece of line of only SOO metres in length ; consequently it was impossible to exceed s vm 
moderate speed. The temperature was at + 5 degrees centigrade. ^ 

Two engines^ Nos. 0*177 and 0*108, wore used in these experiments, which were repeated In 
order to obtain a mean ; the former engine had its steam up, the latter was cold. The dyna- 
mometrical curve gives the following resistances ; — 

1. Engine O'lTJ (weight of the engine and tender = 63100 kils.). 

First trial 1460 kils. 

Second trial 1470 „ 

Mean 1465 „ 

2. Engine 0*108 weight of the engine and tender = C4700 kils.). 

First trial 1300 kils. 

Second trial 1370 „ 

Mean 1335 „ 

Mean of the two results, 1400 kils., say 21'^* 50 a ton. The speed varied from 6 to 10 kilometres 
an hour. 

The foregoing experiments were made with the greatest care, yet they are not w trustworthy 
as those made on the 10 to 12 kilometres between Ejx*may and Chalons. The resistance of the 
engine with four axles coupled was found to Imj at starting 30 kilogrammes a ton. 

Jtesistance of Trains in general . — The dynamometer was always employtxl tti determine the force 
upon the couplings of the tender due to the resistance of th(* train. Figs. 2r)06 to 2<K)‘J are an 
example of the method of expi‘riraenting and calculating applied to a portion of the train (E)74 of 
the 22nd March, 1867. It is the case of a go<xls train drawn by an engine with eight wheels coupled 
upon a steep incline (15 millimiitres a metre). 

The time is marked every 30 seconds ; the distance every 500 metres, and when the speed 
decreased much, every 250 metres. 

The whole of that portion of the Figure which is represented by full lines was drawn at the 
time of making the experiments; that iwrtion indicated by dotted lines was cxecuteti afterwards 
for the purjwses of calculation. As the pa|)er movtHl from left to right, the curve must bo studitnl 
from right to left. The pencil which marks the force not Ixjing in tlio same vertical plane as those 
which mark the time and the distance, the curve must be removed a distance of 05 millimetres, 
which is the distance Ijotween the two planes; the line ab ixqiresents the force at the moment of 
passing post 89. The force, the time, the speed, and the work may be calculated for each {)eriod 
of distance. 

For example, between posts 88J and 80 the quadrature of the curve is made by means of two 
trapeziums; we deduce from it the fact that the mean force was 4100 kilogrammes throughout this 
distance. There are 3 i>oint8 representing 30 siiconds eacli, plus a fraction eorresjwnding to 
12 seconds; total, 102”. It follows that the speed was 17'“ 7 an hour, and that the work was 
275 horse-power. 

Table V. shows the arraDgcment of the figures copied from the roller, with the results of 
calculation. 


Table V.— Tbain No. (E) 74 of the 22kd March, 1867, from Vielsalm to Gouvt. 
Engine No. 0529. (Type with four axles coupled.) 


I I j I RsHistance 

PM«- " u«. . dyi^o. furew. Effec- curm> .pecdi 

t I live, ttonfor I I 


Minl- 

G = 15 mill 

I radiUB 

of the 
•d carves 
400 

0 = #&l5mIU. 

0 = 18 mill. 




kllogs. 

1 kiU. 

16 

A little 


i 

Car- 

hnow 

3530 

j 

rJages 
(ail lu- 
bricated 

wiud. 

4500 

4100 

'• 

with 


4080 


oil). 


4110 




3700 




4280 


.. i 


4730 

4780 

4250 ; 

1 

** 1 


4350 


I 

1 

4170 




4120 




4230 




4220/ 




4210 

•• 


kils. kiloms.1 kik I 


GsgnuUent 
Between posts 8T 
end 86, ibo highest 
limit of the oscliU* 
lions of the curve 
corresponded to 
52OOkilo0k 


The qasntlty of 
water oonsumed 
frpin Violaalni to 
Oouvy, 1980 litres. 

The oomhustibte 
used wos that 
known is ** bri- 
quette.** 

Pisssnrs In the 
holier, 9 stmo- 
tpheres. < 
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4430 X 153 + 4600 x 206 
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The forces, calculated as already described, are placed opposite the corresponding posts. When 
tife nature of the line has been nearly constant throughout a long distance and the speed has 
varied but little, we may calculate , — 

1. The mean force. 

2. The mean B{)eed. 

3. The mean work of traction. 

When the gross weight of the train is Known, we may deduce the mean effective resistance a 
ton. In tlie foregoing Table which we give as an example, the mean effective resistance a ton is 
in’* *24. The mean gradient was 15®*“ ‘50; therefore, the mean resistance, corrected for gravity, 
is 2** ’74. 

The trains whicli wo exi)erimented on were the ordinary daily trains, our object being to 
discover usmi circumstances. From a purely hichnical ix)int of view, it would no doubt have 
been much easier to make up spc’scial trains fulfilling such and such conditions of loading, of speed, 
or of lubrificatiou, but this could not bo realized in the ordinary work of a railway company. 

The results havtj been collected inh) several Tables (Tabb^s A to J). Tables A to E inclusive, 
relate to go(»ds trains ; Table F relates to mixed trains ; and Tables G to J, to passenger trains. 
The total distance run during the experiments is ; — 

13C0 kilometres for goods trains, 

451 „ mixed trains, 

1001 „ passenger trains, 

which gives a gross total of 3412 kilometres. 

U'he total number of trains is 139, of which 54 were passenger trains, 9 mixed, and 70 goods 
trains. 

JJxplanation of the Tables. — A Table similar to No. V. was drawn up for each train. 

1. The column headed Number of Kilometres experimented over. — The number of kilomMres in 
this column is 0 for train (E) 74, which is the last in Table E ; this number corresp^nids to the 
bracketings in Table V., and n(it to the whole course of the train. We have thus omitted a certain 
fraction of the distance*, which in some cases has been considerable. We cannot, in calculating the 
rufjans, take into account those f)ortions of the way which are very irregular, or where the speed 
has varieti greatly. To obtain accuracy in calculations of this kind, the force of traction must 
hav(‘ been continuous frf>m one end c»f the givtai distance to the other, and nearly imiform. These 
C(jnditions have l>een realized throughout the distances given in the column. 

2. The column hea<led dross Weviht of the Tram. — The gross weight of a train consists of two 
parts. The dead weight of the carriage.^, or non-paying load, and the paying load ; the dead 
W(*ight was obtained from the list of the tare, the paying load was given exactly by the* guard’s 
books. 

3. The column heade<l Nature of the Line. — The incline is absolutely constant, or varies within 
narrow limits ; in the latter case the numlKjr in the column is a mean. 

4. The columns headinl Force of Tract ivn^ Force a Ton. — The ft)rce of traction corresponds to the 
mean of the ordinates of the dynamometrical curve; the force / a ton, absfdute or effective, is 
obtainiHl by <lividing the force of traction K by the gross weight of the train. If, however, there 
is a Cf)rrection to Ih^ made, to take into account a positive or a negrative acTeleration (see Note A, 
later), the absolute' force / a ton, though still diHlnc^nl from the force of traction R, taken from the 
diagram, is not obtaine<l in so simple a manner ns laffore. 

5. The column headed Force a Ton., rorrected . — That is, after making the correction for gravity. 
W'e shall piT>ve later that the coc'fticient of resistance ujkui an incline » is eipial to /-f * ; that is, 
/ Ix«ing the resi.<«tauce of the train a ton u|)on a level, if the train comes upon an incline i, without 
any cliange taking [)lacc in the sjK'ed or the conditions of tmctiiui, tlu‘ resistance a ton u^xin 
the incline bec^^mes / + >, * being the number of millimetres in the tangent of the inclination a 
metre. 

To eliminate the part played by gravity, and to render comparable trains tried upon different 
lines, or parts of a line*, wt* have in each case subtracted i from the absolute resistance, so that the 
last column gives the values of / on a level. 

With resiHH’t to Tables G to J we liave only two special explanations to give ; — 

1 The weiglit of the paying load was found by adding to the weight of the luggage obtained 
from the guard's books, 70 kilogrammes a head for the passengers. This is not too much to include 
luggag(^ in hand. 

2. We have not confine*! ourselves, as we did in the case of goods trains, to calculating the 
rosistance a ton ; but we have calculatiMl the riisistance })cr carriage. It was com^mratively easy 
to accomplish this, because the gross w«*ight of the vohi<*lo varies within much narrower limits in 
a })nsekmger than in a gcx^ls train ; in the former, the carriages being all covered, they are com- 
pletely ex|)os(Hl to the resisting action of the air, and conscquoutly absorb a nearly e<tual portion 
of the whole resistance of the train. 

Oofxis Trains, — In reference to the experiments noted in Tables A to E, we have to make the 
following remarks; — 

1. Oiie or two engines were employed upon each train , there were two, three or four axles 
coupled to each engine, and tlio adhesive weight varied from 20 to 40 tons. 

2. The gross weiglit of the trains varied from 152 to 571 tons ; the number of trucks and vans 
was from 12 to 56, and of these soiih^ wert* empty, some partially, ami others wholly loaded. 

8. The proportion of trucks to vans varied from 0 to 97 per cent., and of these from 2 to 100 
per oont. wore lubrioatod with oil. , ^ , 

4. The inclination of the line varied between 1 and 20 in 1000; the minimum radius of the 
curves has beeu as low as 400 metres. 
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5. The temperature was of all degrees — 4 and + 26 centigrade, and the weather was as Taried 

as the temperature. < 

6. The mean speed finctnated between 10 and 39 kiloml^tres an hour. 

This for the data ; as to the results, the following limits may be given ; — 

1. The force of tr^tion has varied from 825 to 4690 kilogrammes (omitting the cases of double 
traction). 

2. The absolute resistanoe a ton has varied from 2'‘*74 to 22^*18, according to the nature of 
the line. 

3. The coefficient of resistanoe on a level has varied from 21^ *21 to 8^*60, according to the 
speed and the state of the atmosphere. 

Tables VI. and Yll., which are taken from Tables A to E, bring together those trains that 
have been subject to the same circumstances of traction. Though, in these two Tables, the speed 
and the nature of the line were precisely the same, it will be seen that, in the second, the 
coefficients of resistance are greater than those of the former; this difference is due 1, to the 
smallness of the paying load, and 2, to atmospheric conditions (wind, frost, &c.). 

In Table I. we have ; — 


Po- a speed of 17 to 26 kilometres / = S'* * 15 

„ 26 to 32 „ /=. 3*^95 


which gives for a train in good condition of loading, mean weight a truck ^ 8000 kiln, and for 
a mean ordinary speed, / = S'* *55 on a level. 

Table VI. — Goods Trains, 


Designation of the Train. 

Nomber 

of 

Tracks, 

Ac. 

Gross Weight 

Tem- 

pera- 

tttie. 

! Proper- Proportion 
1 lion of of Trucks 
i Tracks lubricaUti 
ItoVaiis with Oil 

Speed 

an 

boor. 

Ih'sistanre . 
a ton, cor- 1 

r«l«l for i OUervuliora. 
Gravity, j 

Total ! a track. 




tona ! kilogs. 

o 

|per cent, per cent. 

ktloms. 

kiU 

, 

199, June 20, 

1862 

53 

567 10,700 

+14 

. . 

20 

3* 12 

All these trains 

02. Feb. 27, 

1863 

28 

306 11,000 

+13 

14 j 48 

25 

814 

have n^nlized 

.0*62, April 28, 

1864 


509 1 8,500 

+18 


26 

8*20 

the following 

66. Aug. 31, 

1864 


332 ‘ 9.700 


25 11 

17 

314 

conditions ; — 







Mean 

.315 

• < 3 mill. 

567. June 27, 

1862 

27 

221 8,200 j+22 


29 

4*43 

R > 1000 milt. 

562. June 15, 

1862 

33 

301 1 9,100 +20 

•• 

29 

4-32 

t > 5^ 

64, March 19, 1863 

1 29 

321 : 11,100 + 6 

I 50 14 

? 28 

4 01 


62. Feb. 27, 

1863 

1 28 

306 : 11,100 

+ 13 

j 14 43 


318 

Tho gross 

78. March 17, 

1864 

46 

474 i 10,300 

+14 

. , 

! 31 

3 98 

weight of tho 

88. March 18. 18G4 

26 

249 1 9,500 

+12 

1 45 

29 

4 05 

truck > 8000 

78. April 12, 

1864 

28 

300 ; 10.700 

+ 12 

28 71 

32 

4 •33 

' kiiogrammes. 

78. April 12, 

1864 

30 

326 i 10.900 

+ 18 

1 30 71 

29 1 

1 3-54 

Wind imper- 

78. April 13, 

1864 

55 1 

5.36 I 9,7001+19 

■ ,36 

31 

4*41 

ceptible. 

78. April 13, 

1864 

55 

536 9,700 1 + 19 

. 36 

31 

3*54 


66. Aug. 31, 

1864 

32 

296 9,200 1+19 

1 25 11 

30 

3-74 








Mean 

3*95 







General 

1 mean 

3*55 



In Table VII. we 6nd for this same mean ordinary speed ; — 

Calm weather, frosty, good iiayiiig load / =i 5'‘’09 

„ „ small paying load / = 6'**26 

Windy, good paying load / = S^^OB 

„ small paying load / = 5'“87 

Calm weather, small paying load .. .. .. / = 4'**87 

smaller the paying lo^id is, the greater is the number of axles for the same gross tonnagOi 
and it is obvious that this fact must have great influence on the coefficient of traction, even if the 
line have no curves of a less radius than lOuO mldres 

Mixed Trains.— ‘The following remarks apply to Table P 

1 The number of engines employed on each train was one or two ; the number of axles conpled, 
per engine, two or three; and the adhesive weight, 20 to 27 tons. 

2. The gross weight of the trains varied from 120 to 239 tons; the number of carriages and 
trucks was from 14 to 30. 

3. The proportion of open trucks was from 0 to 75 per cent., and of those 15 per cent, at tho 
most were lubricated with oil. 

4. The inclination of the line varied between the narrow limits of 0*”"**4 to 8"** *5; tho 
minimum ladius of the curves was 1000 mitres. 

^ 5. The mean sp^ fluctuated between 25 and 52 kilomldres an hour. This latter speed, whioh 

iM far above the ordinary, was attained only when it became necessary to recover lost time. 
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Table VIL— Goods Tbaiks. 

Trains of difficnlt Traction from varions causes. 





Gtosb Weight 1 


1 


Proper- 


Resist- 
ance a 
ton, oor- 

Mean 
of the 
CoeflS- 


Deiignatloii of the Train. 

No. of ' 
rrucks 



Atmospheric 

Cunditiuns. 

Propor- 
tion of 
Trucks 

tiun of 
Trucks, 
Ac., lu- 1 

Speed 

an 

hour. 

Obeervotions. 



&c. 

Total 

a truck. 



to Vans, bricated 1 

rected. 

dentil. 










fvith OiL| 








tong. 

kilogg. 


o 

per 100. 

per 100. , 

kiloms. 

kilogs. 

kilogs. 


85. Feb. 22, 

1863 

37 

281 

7.600| 

FokkjI 

calm 

[T= -s: 

16 

.. 

25 

4-76j 

All the trains of 
this Table have 

85. Feb. 22, 

1863 

37 

281 

7.600 


T= -21 

16 

,, 

25 

5*23 

5-09 

been subject to 

88. Feb. 13, 

1805 

25 

216 

8,600 

Culm 

T= -2l 

.. 

,, 

31 

5-58 


the following 

88. Feb. IS, 

1805 

25 

216 

8.600 

M 

T= -2 

.. 

.. 

33 

4 -so) 


conditions 

61. Feb. 14, 

1865 

39 

206 

5,400 

Calm 

T=: -3! 

65 

10 

26 

6-401 


» < 3 mill. 

75. Feb. 13, 

1805 

38 

175 

4,600 


T=: -3! 

80 

25 

33 

7-27 

6*26 

E > 1000 met. 

85. Feb. 27, 

1863 

87 

249 

6,700 


T= -2| 

30 

3 

25 

4-S8 

85. Feb. 27, 

1803 

39 ! 

1 

207 

6,800 

n 

T= -1 

30 

3 

27 

5-37J 


V < 35 kiloms. 

91. April 13, 

1804 

1 

40 ‘ 

338 

8,400 

Windy T=+ 7 



28 

4*78\ 


To calculate the 

91. April 13, 

1804 

40 ; 

338 

8,400 


T=+10: 



27 

5-14 


means in the 

91. April 13, 

1864 

38 ; 

323 

8,500 


T=+io: 

,, 


26 

5-92 


last column we 

91. April 13, 

1864 

38 I 

323 

8,500 


T=+10 



27 

5 -401 

5-06 

have taken only 

91. April 13, 

1804 

38 ! 

323 

8,500 


T= + 12 



28 

5-89 


one coefficient 

06. April 7, 

1804 

34 1 

329 

9,600 


T=+12 

60 


24 

4*68 


a train, unless 

78. March 17, 1804 

47 i 

478 

10,200 

tt 

T=+14j 

,, 


29 

4-82) 


this train has 









been subject to 

89. April 14, 

1861 

44 

240 

5,400 

Windy T=+ 8! 

66 

9 

30 

6 -031 


very varying 

89. April 14, 

1H04 

44 

240 

5,400 


T=+ s: 

66 

9 

27 

6-20 


conditions of 

89. April 14, 

1864 

48 ! 

267 ! 

5,500 


T=+10l 

66 1 

9 

20 

7-73 


traction, in 

89. April 14, 

1804 

48 i 

207 

5,500 


T=+10| 

<;6 ! 

9 

27 

7*60 


which case se- 

89. April 14, 

1804 

45 

245 

5,400 


T=+10- 

66 

9 

26 

7-46 


veral coeffi- 

89. Ai)ril 14, 

1804 

45 

245 

5,400 


T= + 12' 

06 

9 

28 

6*83 


cients have 

89. April 14, 

1864 

39 

199 

5,100 

” 

T=+i«; 

66 

9 

31 

7*90 


been taken. 

89. March 18, 1864 

38 

204 

6,900 


T=+n 

30 

8 

28 

4-79 



89. March 18, 1804 

88 

m 

6,900 


T=+ll 

30 

8 

18 

5-94 



89. March 18, 1864 

38 

204 

6,900 


T=+ll 

30 

8 

26 ' 

5-92 

; 5*87 


89. March 18, 1864 

37 

258 

6,900 


T=+ll 

30 

8 

32 

6-15 



91. March 17, 1864 

! 26 1 

169 

6,500 


T=+ 5 



24 

! 6-93 



91. March 17, 1804 

j 26 

169 

6,500 


T=+ 5 



25 

i 7-68 



91. March 17 

,1804 

! 25 

160 

6,400 


T=+ 8 

.. 


30 

7-87 



563. June 14, 

1802 


238 

7,000 


T=+15' .. 
T=+i8; .. 


24 

! 4-55 



504. Juno 24, 

1802 

1 30 

1 180 

‘ 6,O00 



24 

1 5-06 



504. June 24, 

1802 

1 41 

i 210 

5,100 


T=+18' .. 


20 

, 5-16 



504. June 24, 

1802 : 41 

210 

5,100 


T=+18 



28 

1 6-45 



8/04. J uuo 22, 

1864 

j49 

309 

6,300 

i ” 

T=+18 

50 


24 

1 4-82/ 



83. April 6, 

1864 

; 51 

298 

5,800 

1 

Calm 


40 


31 

1 5-06\ 



8. April 6, 

1864 

44 

244 

5,500 



40 


26 

: 4-93 



83. April 0, 

1864 

! 41 

226 

5,500 


, , 

40 


25 

5-24 



77. Dw. 6, 

180)2 

30 

189 

6,300 


T=+12 

18 


32 

5-20 



77. Uw. 6, 

18<J2 

! 28 

: 172 

6,100 


T= + 12 

18 


36 

5-70 



562. Juii(3 25, 

1862 

28 

196 

7,000 


T=+22 



, 28 

6-00 



81. April 11, 

1864 

43 

2.54 

5,900 


Tr=4.12 

80 

5 

I 25 

5*43 



81. Apri 11, 

1864 

43 

254 

5,900 


T=+12 

30 

5 

23 

5-53 



81. Sept. 1, 

1864 

52 

318 

6,100 


T=+25 

40 

7 

29 

3-74 



81. S«‘pt. 1, 

1864 

49 

299 

6,100 


T=+25 

40 

7 

34 

4-34 



75. Aug. 31. 

1864 

42 

307 

7,300 


T=+20 

14 

7 

20 

419 



75. Auk. 31, 

1864 

42 

807 

7,300 


T=+20 

14 

7 

27 

3-83 

. 4*87 


7.5. Aug. 31, 

1864 

41 

297 

7,200 


T=+20 

14 

7 

14 

4-15 



76. Auk. 31, 

1864 

40 

273 

6,800 


T=+20 

14 

7 

30 

3-41 



75. Aug. 31, 

1864 

41 

264 

6,4(M) 


T=+20 

14 

7 

21 

4-54 



81. June 17, 

1864 

55 

836 

6,100 


T=+21 

27 

. , 

17 

3*22 



40/69. April 29, 
83. March It 

1864 

81 

184 

5,900 



.. 

.. 

24 

4-77 



UH64 

29 

196 

6,700 

Calm 

T=:+ 6 

81 

7 

22 

5-00 



83. March 16, 1864 

29 

196 

6,700 


T=+ 6 

31 

7 

26 

6-14 



83. March 16. 1864 

87 

279 

7,500 

ft 

T=+ 9 

25 

5 

33 

4-12 



86. Nov. 26, 

1862 

33 

207 

6,200 

ff 

T=+ 5 

26 

13 

30 

5-70 



85. Nov. 26, 

1862 

88 

207 

6,200 

ff 

T=+ 5 

26 

13 

26 

6-00 



85. Nov. 26, 

1862 

38 

207 

6,200 

ff 

T=+ 5 

26 

13 

29 

5*89j 
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*TMe Vm. gives those traiiiB whioh were subject to the same ciroumstaxioes of traction. Under 
good conditions of line, of load, and of weather, and with a mean speed of 84 to 44 kilomi^trps, 
these trains give a mean coefficient, / = 4'‘*67, corresponding to the mean coefficient / = 3‘‘’o5, 
found for go^ trains at a moan sp^ of 20 to 30 kilometres. 


Pine weather, bad paying load / = 5’'*48 

Windy, good paying load / = 6’'’62 


Table Yin. — ^Meled Trains. (Speed between 34 and 44 kilometres.) 


f < 3 millimetres. Radius of the curves ^ 1000 metres, t >• 0®. 


Dedgnatiom of the Train 

Number 
of Car- 
riages. 

i Gross Weight ' 

1 

1 Proper- 
' lion of 
Trucks 
to Vans, 
Ac. 

j Propor- 
i tlonof 

1 Trucks 
j lubri- 
cated 

Speed 

an 

hour. 

Resistance 
a ton, 
corrected. 

bservations. 

i 

1 Total 

.car- j 
rtage. 1 


1 

1 ions. 

kilogs. o 

per 100. 


kiloins. 

kils. 


100. April 25, 1862 

! 24 

I 239 

9950 , .. 

0 


36 

4*64 


100. April 25, 1862 

: 25 

227 

9080 

0 


38 

4*60 ) 

Gross weight of 

38. Dec. !>, 1862 

22 

i 200 

9050 , .. 

0 


37 

4*67 1 


38. Dec. 16, 1862 

18 

174 

9650 -f 1 



39 

4*43 ( 


46. Nov. 19, 1862 

14 

120 

8550 ^ + 5 

6 

•• 

44 

5- 18 1 








Moan 

l-CT 

Fine weather. 

100. April 16, 1862 

28 

207 

7380 


1 ' 

1 •• , 

34 

5-22 


100. April 16, 1862 i 

I 25 

190 

7580 i .. 

1 

• • i 

j ! 

42 

.5-75 





1 

1 1 



Mean 

5*48 

Light paying 




j 1 





load. Fine 

100. Nov. 25, 1862 

27 ; 

212 

7850 + 4 ' 

37 

11 

85 

5*45 

weather. 

100. Nov. 25, 1862 I 

24 . 

197 i 

8200 4- 4 . 

40 

15 

84 

5*12 


100, Nov. 25, 1862 : 

24 1 

197 ' 

8200 -f- 4 ■ 

40 

15 

85 

5 54 


46. Nov. 15, 1864 . 

23 i 

217 ; 

9450 + 9 

75 


42 

5*98 


46. Nov. 17, 1864 i 

19 

172 . 

9050 : +11 

0 

. » 

36 

5*78 


46. Nov. 17, 1864 

19 

172 

9050 +11 

0 


42 1 

5*66 





i 



Mean 1 

5*62 

Windy. Good 



! 




i 

1 


paying load. 


Passenger Trains, — The following refers to Tables G to J ; — 

1. The number of engines employed was oue or two to each train ; the number of axles 
coupled, at the most, two per engine; and the adhesive weight was from to 22,000 kilo- 
grammes. 

2. The gross weight of the trains varied from 30 to 116 tons, and the numl)er of carriages to 
a train was from five to twenty. 

3. All the carriages were covered, the proportion of those lubricated with oil being from 7 to 
50 per cent. 

4. The inclination of the line varied from 0*75 to 10 millimetres, and the minimum radius of 
the curves was 700 metres. 

With respect to the results, we may state the following limits 

1. The force of traction has varied from 505 hi 1400 kilogrammes for a single engine. 

2. The absolute force per carriage has varied from 32 to 131 kilogrammes, and the absolute 
force a ton from .5*“ 08 to 20^*39. 

3. The force corrected for gravity has varied 


A carriage from 21 to 131 kilogrammes. 

A ton from 3*75 fo 20*26 „ 


Table IX. gives the coefficients for long trains. The number of carriages was from fourteen to 
seventeen. The following is the value of the mean coefficients 


Table X. is for short trains. The number of carriages was eight to ton. The following is the 
value of the mean coefficients 


7‘*21 
^=: 9^*57 


The last coefiScient is for an express train, the carrii 
air than those of ordinary trains. This cause combine 
coefficient. 


of which offer a greater surface to the 
ith the increfised speed to augment the 
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Tabus IX— PAgsENQEB Tkainb. 

i < 3 millim&ttet. B ^ 1000 metres, t^OP. n > 10. Calm weather. 


Designation of the Train. 


35. April 27, 1862 

36. May 26, 1862 
40-26. April 28, 1866 

44. Juno 8, 1866 


Number 
of Car- 
riages. 


I Gross 
IWeigbt. 


toriH. 

14 90 

17 101 

17 > 101 
17 1 107 


Proper- 


tion of 


Carriages 

Tempe- 

lubri- 

rature. 

cated 


with Oil 



Speed 

an 

hour. 


Mean 
of the 
Speeds. 


Besist- 
ance a 
ton on 
aLseveL 


per 100. 


17 


+ 14 
22 
20 
25 


ki loins, j kiloms. 

47 1 
46 1 


44 [ 
45j 


45 


kils. 
6-24) 
5-54I 
6*43[ 
5 -73] 


Mean 
of the 
Bedst 


Mean 
Besist* 
ance a 
car* 


Mean 
of the 
Besist- 
ancesa 


riage. 


uar- 

riage. 


I kils. 

i 

15-98 


kils. 

40 

33 


kils. 


37 


36) 


35. 

April 27, 

1862 1 

35. 

May 1, 

1862 1 

36. 

May 6, 

1862 1 

35. 

May 7. 

1862 i 

40-23. 

April 28, 

1866 ' 

35. 

June 4, 

1866 1 

36. 

April 30, 

1862 i 

35. 

Nov. 19, 

18fM ! 

85. 

J une 4, 

1866 1 


14 1 

1 90 

16 

; 101 

17 

1 101 

16 

i 106 

17 

101 

17 

105 

15 1 

91 

17 ! 

98 

17 

i 105 


30 



Table X.—Passenoeb Trains. 

I > 3 millimetres. R > 1000 metres, f > 0^. n ^ 10. Calm weather. 


IVsignation of the Train. 

Number 
of Car- 
riages. 

Gross 

Weight. 

Propor- 
tion of 
Carriages 
lubricated 
with Oil. 

Tempe- 

rature. 

.. 

Speed 

an 

hour. 

Mean 
of the 
Speeds. 

Resist- 
ance a 
ton on a 
Level. 

Mean 
of the 
Resist- 
ances. 

Mean Re- 
sistance a 
carriage. 

Mean 
of the 
Re- 
sist- 
ances. 




tons. 

per 100. 

o 

kiloms. 

kiloms. 

kils. 

kils. 

t kils. 


kils. 

40-515, April 24, 

1866 

8 

50 

25 

+ 17 

45 1 


7-44) 


i 45) 



40-515. April 26, 

1866 

9 

f)6 

44 

20 

41 1 

46 

7-271 

7-21 

> 45 


44 

2*16. June 6, 

I8tl6 

10 

1 58 

510 

23 

46 1 

7-56 

44 


2*16. June 7, 

I8f>6 

10 

62 

30 

27 

51 j 


1 6-59j 


41 



40-35. April 24, 

1866 

8 

, 50 

25 

17 

! 65 j 


; 9-801 


, 58 



40- 51-2. April 25, 

1866 

9 

: 55 

33 

15 

60 

58 

' 9*80| 

9-57 

55 


58 

2* 16. June 5, 

1866 

10 

: 61 

10 

23 

61 1 


1 9-80 

j 

: CO 



33. Man'll 14, 1866 

8 

1 

53 

1 •• 

2 

76 

76 

14-55 |14-55 

'I 96 


! 96 


Table XL— Passenger Trains. 


Trains of difficult Traction from various causes. 



1 



1 ProDor- 


Resistance 

Designation of the Train. 

Numlier 
of Car- 
riages. 

Gross 

AlAiospheric 

Circumstances 

! tion of ' Speed 

corrected 

WVight 

i lubricated 

hour. 

1 1 

i a car- 




1 with OIL 


‘'™- Iriw'.; 



tons. 


per 100. 

kiioius. 

kils. : kils. 

81. Dec. 21, 1865 

12 

65 

T = + 5® 

1 

55 

11-80 66 1 

31. Dec. 21, 1865 

12 

65 

T = + 5” 


48 

11-40 1 66 

82. Maroh 12, 1866 

12 

79 

/ Dry ; a little 1 
iwind; T = + 8°j 

33 

51 

9-55; 63 

j 

32. March 15, 1866 

12 

72 

/ Dry ; a little \ 
\wind ; T + = 8^j 

; ^ 

48 

11-40: 68 

86. Doc. 10, 1862 

20 

72 1 

1 Wind and wet; 1 
\ T = + T' j 

! 

1 

43 

9-35 1 54 

20. Aug. 8, 1866 


116 

( A little wind; \ 
\dry; T=:+24^j 

42 

45 

j 

-10-19; 61 

1 i 

40-85. April 24, 1866 

12 

73 

/ Windy and \ 
\dry; T = + ir j 

‘ 17 

45 

12-21 1 71 





Means 

47 

10-84 i 64 

1 


Observations. 


All the trains of 
this Table have 
been subject to 
the following 
conditions 


t<3inillimbtre8. 

R > 100 metres. 
f>a®. 

n > lO*". 
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Passenger Trains of Difficult Table XI. we have brought together several trains 

which off^ed extraordinary difficulties with regard to traction, either on account of the wind, or of 
very imperfect lubrication of the parts liable to friction. This Table applies to trains having 
more ihiui ten oarria^s; it gives the mean coefficient of 10^*84 for a mean speed of 47 kilometres 
an hour. The three Tables, IX., X., and XI., have been extracted from the general Tables. 

Resistance of Trains at Starting . — Hitherto we have been considering the resistance of trains in 
motion ; we have now to consider the resistance offered at starting. In this case, the greatest 
force exerted by the engine upon tlie couplings to overcome the inertia of the train corresponds to 
the greatest ordinate given % the dynamometrical curve. Tables XII. and XIII. contain the 
results of a large numl^ of exporimonts made with both passenger and goods trains. 


Table XII.— Resistance of Passengeb Trains at Starting. 


Designatkm of the In. 

Gross 

Weight 

Number 
of Car- 
riages. 

Propor- 
j tton of 
' Carriages 
j lubricated 
with Oil. 

jTempe- 

1 rsture. 

Force necessary to put 
the Train in motion 

Observations. 

Total. 

a ton. 

a car- 
riage. 


tons. 


per 100. 

o 

kils. 

kils. 

kiJs. 


17. April 11, 1864 

52 

10 


+ 15 

1230 

24 

123 


34. April 27, 1864 

63 

11 


+ 13 

1150 

18 

104 


85. Nov. 17, 1864 

82 

14 

.. 

+ 8 

2000 

24 

143 


81. Nov. 21, 1864 

85 

18 


+ 8 

1920 

23 

107 


31. May 4, 1865 

70 

12 

8 

+27 

1880 

26 

156 


2-16. July 20, 1865 

1 78 

12 

.. 

+20 

1850 

24 

154 


1*43. July 19, 1865 

i 64 

10 

10 

+ 17 

1140 

18 

114 

Engines with free 

2-4il. July 19, 1865 

83 

13 


+ 17 

1580 

19 

121 

wheels. 

216. July 21, 1865 

97 

15 

7 

+20 

1960 

20 

130 


2-43. July 21, 1865 

77 

13 

15 

+20 

1810 

24 

139 


1-38. July 21, 1865 

40 

7 



1160 

29 

166 

Ditto. 

31. Dec. 21, 1865 

73 

14 


+ 5 

2150 

29 

153 


,32. March 12, 1866 

79 

12 


+ 8 

1840 

23 

153 


33. March 13, 1866 

52 

8 


+ 6 

1080 

21 

135 

Ditto. 

32. March 13, 1866 

1 88 

14 : 

28 

+ 7 

1730 

20 

124 


33. March 14, 1866 

53 

8 , 


+ 2 

1090 

21 

136 

Ditto. 

82. March 14, 1866 

1 78 

12 

25 

+ 6 

1280 

16 

106 


33. March 15, 1866 

i 52 

8 i 


+ 2 

1350 

26 

169 

Ditto. 

32. March 15, 1866 

72 i 

12 . 

25 

+ 8 

1900 

26 

158 


40-35. April 24, 1866 

70 ; 

12 , 

16 

+ 17 

1700 

24 

141 : 


40-32. April 25, 1806 

55 1 

9 ! 

S3 

+15 

1320 

24 i 

147 ' 


40-35. AprU 26, 1866 

56 

9 

44 

+20 

1200 

21 1 

133 i 

The moan a ton is 

40-34. April 27, 1866 

! 81 

14 

20 

+26 

2100 

26 

150 : 

= 22; the mean 

40-23. April 28, 1866 

101 ! 

17 

30 

+24 

1800 

18 

105 

a carriage = 134. 

41-20. April 28, 1866 

67 ! 

11 


+20 

1320 

20 

120 


40-26. April 28, 1866 

101 ! 

17 1 


+20 

1650 

16 1 

97 


35. June 4, 1866 

105 1 

17 : 


+ 19 

1650 

16 I 

97 


2*13. June 5, 1866 

49 ! 

9 

ii 

+20 

1500 

30 I 

166 


2 -16. June 5, 1866 

61 i 

10 1 

10 

+23 

1700 

28 ; 

170 


2-43. June 6, 1866 

68 ; 

11 

9 

+ 18 

1430 

21 

130 


2-16. June 6, 1866 

,58 i 

10 

30 

+23 

1330 

23 j 

133 


1-16. June?, 1866 

53 

10 

10 i 

+25 

1750 

S3 ! 

175 


44. June 8, 1866 j 

107 

17 ' 

17 

+25 

2000 

17 j 

117 

Enmnes with free 

1 



i 

i 


1 


wheels. 


J^Tof^.—The line is level, or inclined less than 1 millimetre. 


It will be seen from Table Xm. that the mean force required was 18 kilogrammes a ton. 
For very long trains, a force of 8, and in some cases 6, kilogrammes only was sufficient to put the 
train in motion, a circumstance which is explained by the fact that the carriages of a tram start 
each in succession, and not simultaneously. The mean force requisite for passenger trains was 
22 kilogrammes a ton, or about 134 kilogrammes a carriage. It must be remembered that these 
figures refer only to instances when the start has been gently accomplished ; when the train is put 
in motion in an abrupt manner a considerably greater force is exerted. 

Generally, it may be stated that passenger trains require a force nearly twice as great as that 
necessary for goods trains. The causes of this are the tight coupling of the former, and tho 
necessity of getting the train sooner into rapid motion. 

Analysis of the Resistance of Engines . — A series ot experiments were undertaken to determine 
separately the portion of the whole resistance due— 

1. To the rolling of engines considered as mere vehicles ; 

2. To the friction of the side ccjnnecting-rods ; 

8. To the friction of the pistons, oonnecting*rods, and cros»*hoada. 
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Designation of the Train 

Gross 

Weight 

No. of 
Trucks, 
&c. 

Proportion of , 

Trucks labri-'Tempera- 

catedwlthOiLi "“‘®‘ 

1 

Force required to put 
the Train in motion 

Total ' a ton. 

Observations 




tons. 


per 100. 

o 

kils. 

kil8. ! 

91. 

March 17, 

1864 

160 

25 

+ 2 

2800 

11 ! 

78. 

March 17, 

1864 

478 

47 


+ 14 

5220 

11 

Double traction. 

88. 

March 18, 

1864 

241 

29 

.. 

+ 12 

8270 

11 


S9. 

March 18, 

1864 

264 

38 

8 

+ 11 

3560 

13 


8.S. 

April 6, 

1864 

302 

51 



4020 

13 


81. 

April 11, 

]8<j( 

254 

43 

5 

+i2 

3880 

15 


78. 

April 12, 

1864 

300 

28 

3 

+ 12 

3740 

13 


91. 

April 111, 

1864 

338 

40 


+ 7 

3550 

10 


78. 

April 18, 

1864 

531 

55 


+ 19 

6600 

12 

Double traction. 

89. 

April 14, 

1864 

267 

48 

9 

+ 8 

3720 

14 

88. 

April 14, 

1864 

.322 

38 


+ 19 

4620 

14 


40*69. 

Ajiril 28, 

1864 

278 

35 

8 

4 20 

3340 

12 


66. 

April 15, 

1864 

2(J4 

29 


+20 

3500 

13 

40-62. 

April 28, 

1864 

511 

60 


+ 1B 

3160 

6 

Double traction. 

40*69. 

April 29, 

1864 

1K4 

31 



3090 

17 


81. 

June 17, 

1864 

336 

55 


+21 

4100 

13 


1 *67. 

June 20, 

1861 

334 

46 

ii 

. . 

5550 

17 


1 *68. 

June 20, 

1S61 

215 

32 

8 


30150 

12 


1*68. 

June 21, 

1861 

304 

33 

15 

. , 

3750 

12 


1 61. 

June 22, 

IHfM 

298 

i 45 



4800 

16 


1-67. 

July 6, 

1864 

2(;9 

; 41 

12 

+ 16 

3040 

11 


1*70. 

July 7, 

iHi'A 

362 

: 30 

13 


i 4100 

15 


1*68. 

July 8, 

1864 

295 

; 29 

6 


t 4340 

14 


1*67. 

July 26, 

1861 

170 

1 28 

15 


' 3020 

18 


75. 

Aug. Ill, 

1S64 

297 

. 41 

7 

+20 

■ 2880 

10 


66. 

Aug. 31, 

1864 

332 

34 

25 


1 3150 

10 


81. 

Sept. 1, 

1861 

315 

52 

7 

+25 

i 2620 

8 

Engine, typo 20. 

75. 

Feb. 13, 

186,‘> 

175 

' 38 

25 

- 3 

i 2390 

14 

61. 

Feh. 1 1, 

I8f;5 

206 

39 

10 

— 3 

i 2510 

12 


78. 

Feh. 14, 

1865 

185 

22 

10 

- 1 

* 3060 

16 


2 65. 

July 20, 

1865 

255 

35 

20 

• +20 

; 3250 

13 

1 

2*65. 

July 21, 

i8i;r> 

2.')9 

39 

1 30 

+25 

3140 

13 

t 

74. 

Jan. 9, 

1867 

370 

41 



4080 

11 

j 

1 61. 

Jan. 14, 

1807 

204 

21 



3620 

18 

1 




i 


1 

1 

1 

V 

i 

! 

5Iean .. 

13 

i 


So^t \ — The line la level, or iucliiiod leas than 1 millimetre. 


To accomplish this, an ontfine having its steam up and being properly oiled was drawn, iritAout 
a tividvr^ Indiind the dynamometer car. 

The results of the.se ex)>i‘riments are given in Table XIV. 

1. For a mixed engine in full gear, but without tender, 

V = 28'^ 9^-60 


For a gomlfl engine in full gour, but without tender, 

V = 28** /= 12^-20 

2. It is impossible to draw any conclusion from the reduction of the resistance due to the sup- 
pression of tlio side connecting-rods ; and, indw'd, we see that the resistance has l>oen greater on 
several occasions when the side c<mneoting-nHl8 wort' suppressed than when the engine was in full 
gear. This difference in these cases must be attributed to the condition of the lubricated parts. 
Rut a great influence from the coimt'ction of tlio wheels was not to be expected, seeing that the 
ex|x;rimentH wore made on a straight piece of lino, and that the tire was very nnmd. 

3. The influence of the pistons, coniUH'ting-rods, and cross-heads was, however, clearly sliown. 
For mixiKl or gomls engines, the resistance of these jiarts is about 48 |H>r cent, of the whole resist- 
ance of the engine in full g<*ar. 

It must be rcmemlx»rixl that these results refer only to engines which arc not working. If the 
engine is nt work, its parts arc subjwt to tcdally diflerent pressures, and the rcsistaaice is changed 
in a like degree. (8eo Notes D and 11.) . - v i 

From Table XIV. wo find the resistance of engines reduced to the comlition of mere yemcles 
by putting out of gear tlio driving and side connecting-rods. The mean of this resistance is 5 *22 
for mixed engines at a sfieed of 28 to So kilometres, and 6^ * 15 for goods engines at a sp^ ™ 

27 kilometres. For engines with four axles coupled (out of gear), at a speed of 6 to 10 kilometres, 
we find / sr 11 kilogrammea. 

In this kind of engine the resistance due to the mechanism is also about half the total resist 
Theso powerful engines when moving at a low rale of speed offer a resistance much greater 
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than that of othei* engines, because there is in their mechanism a larger surface subject to friction, 

weight of their parts is greater, and their wheels are smaller. 

Causes which may Influence tfw Coefficients of Resistance in Carriages, — ^As we did in the case of 
engines, so in the case of carriages we have endeavoured to discover the various causes which may 
induence the coefficients of resistance. On a level, and in a straight line, this resistance is com- 
posed of two elements ; — 

1. The friction of the wheels ; 

2. The resistance duo to the atmosphere. 

If the rate of siKsed is very low, the second element disappears. 

Neglecting, therefore, the resistance due to the atmosphere, we have considerea the influence 
of lubrication, of the diameter of the journals, and of the extent of the surface subject to friction. 

hlaking R the resistance of a vehicle ; 

p its weight, minus the wheels; 
p* the weight of the wheels , 
d the diameter of the journals; 

D the diameter of the wheels ; 
f the coefficient of rolling at the circumference ; 

the coefficient of the friction of the journal upon its bearings ; 

we liave 

K = (i'+/>')/'+^rx5- [E] 

Friction in an OiUhox. — In the Table r>f the mean resistance of the carriage moving at different 
velocities, we saw that for iic/ivered carriage lubricated with oil, the mean resistance R = 11 kilo- 
grammes (/; -f // = .')500 kilograiiimos), at a sfRieil of 1 to 5 kilomi tres. 

At this rate of speed, the resistance of the air may be neglected, and we may state 

11 = 5500 X 0 001 -f 3000 x 0 075/". [E] 

(In the rolling stock of the Eastern Company, upon whose line the experiments were made, 
D 1 metre, d O^^OTS, and / is admitted to be = 0*001.) 

From [EJ we de<luce /" ^ 0*018. 

This is tlie coefficient of friction in an oil-lx)X, where the lubrication is continuous, at a low 
rate of speed. 

FrkUun in o Orcasc-hox. — From the Hja'cial experiments made in 18G2, the mean of the ratios 
between tlie traction of a carriage lubrieati*d with oil and that of a carriage lubricated with grease 
was found to be 1 * 35. 

E plat ion [Ej therefore becomes 11 x 1*35 = 5500 x 0*001 + 3900 x 0*075/"; when we 
deduce y" - U‘032. 

Frtctnm for a Whole Tram. — Taking, in our experiments, trains made up chiefly of carriages 
lubricated with oil, and moving at a rate of speed not exceeding 20 kilometres, the results obtained 
were the following ; — 


(.r = 0 001 .) 



Experiment Xo. 180 , / = ^'‘• 7 , 

whence f = 0*020 

„ 188 , / = 2 ‘- 4 , 

»» 

/' = 0-021 

„ 1 (J(», / — 2 *^ ’ < , 

♦t 

/' = 0*020 

„ 1 C 7 , / = 2 ‘ ( 5 , 

»» 

/" =r 0*025 

„ 100 , / = 2 " 3 , 


r = 0*020 

„ 172 , /= 2 '‘- 2 , 


/' = 0019 


For a train having < 


Experiment No, 99, / = whence /' = 0 034. 


f\ the friction of the journals, is c4ilculated by moans of equation [E], in which B = / x G; 
G being the grot-s weight of a carriage expressed in tons. 

Jnjiurucc o/ the IaxuI ufxm the Friction of the Journals . — The mean gross weight of the carriages 
on which the exix»rimeul8 were maile differed widely, yet llie C4>efficients /" remained nearly the 
Hurne, fr im which we conclude that the friction of the journals is indoiiendent of the loml, so long 
as the wtKHtls turn freely, and the iulluencc^ of curves and of the atmosphere is absent. 

Frtetton tn the Jhxes of a lender.-- For a tender weighing 19,000 kilogrammes, moving at a speed 
of 25 to 30 kilometres, it was found that /" - 0*043. (Grenst*- boxes.) 

Friction in th*r Foxes of an Fngine.—For an engine of the tyjK»s 14 and 15, weighing 30.000 kilo- 
grammes, at a B}iced of 25 to 30 kilometres, /" 0 052. ^Lubricated with oil, and the mechanism 

out of gear.) 

Rressure a Square Centimetre of Surface subject to Fncfiow.— Calculating tlie pressure from the 
foregoing figures, we find 


For carriages loaded with 10 tons 

„ engitu^ 

„ a carriage loaded with 5 tons 


17''*90 
13 *^ *20 
ll‘^*90 


Influence of the Extent of Surface on the Friction of the .7biinia/s.— For carnages, the mean surface 
subject to friction is, per jounml, 1H8 square centimetres • for engines (tvjvs 14 and 15) it is 452 
centimetres, there is, therefore, in this res|K*ct, a great diflbrence between carriages and engines. 


Now, for carriages, we found /' = 0*018 

And for engines = 0*053 ^ 
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The ratio of these coefficients gives O' SB. The same value is obtained by raising tly^ 

4 

ratio of the surfaces to the power - . There is, therefore, on advantage, from the point of view of 

traction, in reducing to its minimum the surface subject to friction ; taking care, of course, that 
the journals liave sufficient dimensions to prevent their breaking, aud to allow the wheels to turn 
freely. 

This double consideration, the raluction of the dimensions and the resistance of the journals, 
has led to the construction of cast-steel axles. The results have, however, not been satisfactory ; 
cast steel is brittle ; Bessemer steel w'hich is softer than cast steel, aud of greater resisting power 
than iron, would no doubt offer greater advantages. 

Friction on the Journals of Carriai/cs at Startha/. — We have already seen that the resistance of a 
carriage lubricated with oil, is at starting 48 kilogrammes (8'‘‘70 n ton). 'I’lie e(jimti(>n thus 
gives V" = 0*145 for the friction of the journals at starting. Experiments have shown ns 
(Table XITI.) that this coefficient is nearly the same when the Inbrieation is effected by means 
of grease. Until the train has moved a distance of .some 50 midres, the advantage of f)il is not 
apparent, especially if the temperature is mnch aWtve 0 . This is no doubt owing to the llnidity 
of the oil which in some degree runs from the surfaces subji'ct to friction ivhilo the Iniiu is 
stationary. 

Table XV.— Friction on the Joitinals of Cahuiages. 


R ^ 1000 metres. T >> 10”^; no wind. 



Proportion of | 

Number of the Experiment. Carriages iuhri-' 

1 caLtl with Oil. 1 

Speed an 
hour. 

j of tiie 

! total Fra tiou. 

(’*>eflicii‘nt of the 
Frit- non oii the 
.IdurnaR 

! Gross Weight 

1 a carriage. 

No. 3, Table A .. 

1 per 100. ' 

.. f .. 1 

ktlonu'i. 

19 

0-()031 

0*0.35 

kilotts. 

8, ‘250 


10 


A .. 

i 

20 

0-0031 

0*032 

10.700 


40 


B .. 

. . 1 . • ) 

25 

0 0031 

0*033 

10.900 


42 


B .. 

.. 1 .. t 

31 

0- 00*29 

0 030 

10,7:10 


59 


B .. 

! 

33 

0 0034 

0*038 

10,300 


90 


C .. 

••I •* i 

22 

00031 

0*034 

9. 120 


100 


c .. 

.. ! 8 ! 

23 

0 0030 

0*033 

7,950 


102 


c .. 

.. ' .. * 

20 

0 0032 

0*0.30 

8,480 


103 


0 .. 


17 

0(H)28 

0*033 

5,940 


105 


c .. 


17 

0 0032 

0-039 

0.120 


100 


c .. 

.. i .. ! 

10 

0 0029 

; 0*035 

0.030 


115 


D .. 

' .. i 

19 

0*0031 1 

1 0*0,30 

0,280 


139 


D .. 

i 

15 

0 00.33 I 

1 0*038 

7,900 


150 


D .. 

!! li 

17 

0*0031 i 

5 0*033 

9,7.50 


152 


D .. 

11 

19 i 

0- 00*20 j 

0*0*20 

9,120 


154 

tt 

E .. 

7 ’ 

15 

0 0031 i 

0*037 

0,300 


150 


E .. 

*• ; 7 ' 

10 ‘ 

0*0031 

0*038 

5,920 

V 

1G3 

ft 

E .. 

: 20 ; 

15 

0*0031 1 

0*030 

7,250 





j Means .. j 

! 1 

20 1 

0*0031 ! 

i 

0*0.35 j 



Tniiuenf'e of the TemfH-r dure <m the Ileststance . — In the case of trains lubricated with oil, the 
influence of the temficrature is not appreciable. The advantage jK>sHeH8<‘<l by oil over greasi*. to 
which we have alrc^ady called ,alb*ntiou, is for a in»Hlemte temperature; in winter this advantage 
is greater. The addition of a small (piaiitity of j»elrolenm to the ordinary oil prevents congeala- 
tion in the lowe.st tem|KTature to which our climate i.s liobh*. 

Table XVL shows the influence <»f teinperatun* on the resislanco of trains lubricated with 
grease: it divides into two w-ries, train.H having only 10 j)er cent, of oil-boxes and offering the 
same circumstances of line, load and sjw^KKl, in calm weather. 


1st series. Temperature from 0 to JT /=:r»*22 

2nd series. „ 15 to 2^ /=3-47 


For low temperatures the increase is 50 per 
cent. 

/nfluefyie of Tnclvies on the Resistance . — llio 
erpintion [E*) suppose.^ the line to lx* straight 
and level; for an incline, making an angle a 
with the horizrm, it bm)me8 

Witliin the limits of inclines existing on 
railways, cos. a differs but little from unity, 
and sin. a may lie replaced by tan. a, Fig. 2r»l< 
we have as the resistance of a carriage moving 


3610. 



B = Cfw. a + p") / + pr ^ j + (r + />') iin. «• 

f). Putting I for the value of tan. a, in millim^itres, 
in a straight line and on an incline. 


K = (p+/) f-^pf -^ + ;p + p')<. 


[F] 


or F{ =r ( p + j>') / + (p + p') i. 
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Table XVI.— iNFLUEurcas op Fbost. 

Wind, hardly perceptible. Speed, 25 kilometres an hour. 


Number 
of the 
Experi- 
ment 

Proportion of 
Carriafi^ 
lubricated 
with Oil. 

Temperature. 

Least PadiuB of the 
Curves. 

1 Gross 
Weight a 
carriage. | 

Speed 

an 

hour. 

Coeffldent 

of 

Traction. 

Observations. 


per 100. 

o 

mbtres. 

kllogs 

kllorns. 

kUogs. 


SG 1 

8 

-2 

1500 

6730 

25 

4*88 

It will be seen that 

37 i 

3 

-1 

1000 

68.50 

27 

5-37 

these two series of 

43 

about 10 

-3 

straight 

7600 

26 

4-69 

trains have, with 

44 

„ 10 

-3 

1500 

' 7600 

25 

4-76 

the exception of 

45 

10 

-2 

1000 

. 70*00 

25 

5*23 

temperature, been 

160 

10 

- 3 

straight 

! 5280 

26 

6*10 ! 

subject to similar 


i 

i 






1 conditions. 


1 

; 


Means 

j 6910 

1 20 

5 * 22 

1 

100 

1 

i ® 

-1-20 

1200 

i 7950 

1 23 

3 04 


J15 

! about 10 

at least 15 

at least 1000 

j 6280 

1 19 

i 3*12 


HO 

„ 10 

+ 15 

straight 

1 7920 

' 23 

! 3*76 


141 

7 

-f 2i» 

‘ 2000 

i 72S0 

27 

3*83 


114 

1 alxiut 10 

at least 15 

at lea.*it 1000 

63.50 

26 

3*70 

( 

146 

7 

4-20 

1000 

6820 

30 

3*41 





j Means 

: 7100 

25 

3-47 



Former experiments showed R to be oonHiderably less than the value jriven by the equation [F]. 
The results of our labours enable us to assert tinit this equation is ri^jforously exact. 

Table XVll., which is made up of trains subject to the same conditions of lr>ading, lubrication, 
curves, and atmosphere, places the matter iK^yond a doubt. 

Table XVII. — 1st series. Mean inclination, l“"’*4r»; we have f = 3 18 
2nd „ „ 4’""' -44 „ / = 2*97 

3rd „ „ „ / = 3*25 

Tlie value of / was calculated by the equations [F], U being given by experiment. It will be 
Been that the coefficient of resistance dm‘s not decrejise when the inclination increases. 

4th series. Moan inclination, 5"’"' *18 ; we have f =3-39 
5th „ „ 9’»®-25 „ /=:3*9G 

We find rather an increase for the greater incline. 

6th series. Mean inclination, 16"'"’ ’79; we have /= 2 56 
7th „ „ 2™’" 05 „ / = 3-40 

Ilut hero we must remark that the trains of the 7th senes were furnished with fewer oil-boxes, 
that they were twice tin* length, and luovnl at tw ice the .speed of those (»f the 6th series. 

We may therefore conelude that, u|M»n an incline, the coeftieient of roistuiiee a hm is found 
by i»dtling V> the eoellieit‘nt on a level, c»htained under the same circumstuiiee.'', as many kilo- 
grammes ns there are thousandths in the inclination. 

'rius law is rigorously true, and if the ctmeliisions of some who have considered the subject 
have been op|»o8e<l to it, it is [»rohably because they have not made their experiments under 
identical eireuinHtances of ,s|>tM*d and length train. 

/nfimnutt of the Lenjih of a Tnun on the Jie^iisUnee —In passenger trains moving at rates of sjiced 
greater than 40 kilonu'trt‘s an hour, tin* resistance of the air forms an imjwrtant part the wdiole 
rosistn lee. Tlio action of the air is greater ujiou the first carriage than ujani the others, whence 
it follows that the resistance jmt carriage decn'ases as the length of the train incieases. This fact 
is verifitHl in Tables IX. and X. When the radii of the curves are much below 1000 mitres, this 
law will not hold good, lujcause the infliumcc of the air will bt^ destroyed by that <if tlie curve. 

The length of goods trains may vary within much wider limits than those imposed on passenger 
trains. In a straight line, or on a curve of a very long radius, the hngth has no ajq>reciable 
infiuenco. And, as a fact, it was found that the ctiefiScients for trains of 50 or 60 trucks were very 
Mtnall. But if the radius of the curve is less than 1000 metrcB. an increase of length causes an 
inereaae of resistance. It must l>c rememlwred that in this case the resistance of the air is not the 
only retarding force to Ikj considcrixl. There is an additional friction on the tire, caused by the 
dirwtion of the force of traction not coinciding with the axis of the carriages. , . 

Influence of Curves on the JiVsistonee.—Tho gauge, or normal bresdth of the line on the C7icmin 
•io/er de CKst is fixed at 1"'*447 of clear space between the rails. J'his allows a carriage-axle to 
run upon a curve having a nulius of 444 metres, without sliding or friction of the flanges. Iw 
ease of passenger trains com|)os(’d of 10 to 20 carriages and moving at a rate of speed of 35 to 
50 kilombtrea an hour, we were unable to discover the smallest influence. It is true that tlie 
shortest radii of the curves on which our experiments were made were of 800 metres. At a rate 
of speed exceeding 50 kilomiitres, the influence of the curve bei'Ame apimrent. In tram 81, 
Table H, cxperimenti 60 and 61, this influence was 5 per 100. 
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Table XYII. — Influence of Inclines on the Coefficient of Besistanoe. 
Bpeed, 15 to 25 kilometres an hour. Wind, hardly peroeptible. 


01 UJC 

Experi- 

ment 

1 AAIt^AUmViVU • 

i of the Line. 

Curvea 

an hour. 

of 1 
Carriages.! 

lubVicat^ 
with Oil. 

Force a ton. 

corrected. 



; millimbtres. 

metres. 

' kiloms. 

. 

per 100. 

I kilogs. 

i kilogs. 


105 

0*43 

i 1 riAA 


55 i 


3-65 

i 3-22 

\ 

150 

1 2-50 

> lUUU 

( 17 

34 ( 

li 

1 5-64 

3-14 

/ 

Mean .. 

1 1-46 i 

1000 

17 

44 


' 4-64 

3-18 


154 

3*50 


/ 15 

51 > 

7 

6-6.5 

3-15 1 


152 

3-50 ; 


19 

32 1 

11 

6 15 

2-65 j 


8 

6-00 : 


19 

26 


9- 10 

3-10 i 


103 

5*70 ! 

1000 

17 

31 1 

, , 

8*55 

2-85 i 


106 

! 3-50 


! 10 

54 


r* . i rr 

n.r.e i 


115 

! 4*50 


V 19 

49 


7*82 

3-12 j) 

Mean .. 

j 4-44 : 

1000 

i 16 

41 : 

•• 

7-47 

2-97 j 

139 

9-00 


15 

40 ‘ 


12-36 

3*35 


163 

10 00 

> lUUU 

15 

35 ! 

20 

13-15 

3-15 


Mean .. 

9-50 

1000 

15 

38 


17-75 

3-25 1 

Ill 

5*70 


/ 20 

36 

8 

9-87 

4-17 


113 

5-66 


17 

32 ; 

8 

10*13 

4 47 


134 

5-70 


1,5 

35 

6 

9*44 

3-74 ; 


138 

5'66 , 


20 , 

31 j 

.. 

. 9-00 

3-34 i 


165 

4-42 

iKty) 

17 

38 1 

76 

7-65 

2-23 


167 

5*00 

* to ( 

13 1 

38 

70 i 

7-56 

2-56 , 


168 

4-84 

800 

19 

35 

50 

7*85 

8-01 


176 

4-80 


17 ! 

44 

36 

7 55 

2*75 ; 


181 

5-00 


16 

40 

30 

8-56 

3*56 


177 

5-00 i 


\ 16 ‘ 

44 i 

36 

8*05 

3-05 J 


Mean .. 

518 

7 to 800 

17 

37 : 


8-57 

3-39 1 

107 

9-25 1 

1 700 

, 20 

46 

11 

; 13*45 

4-20 1 

137 ' 

9*25 

to 

1 15 - 

28 j 

18 

! 13*72 

4-47 } 

184-185 

9-25 ! 

1 800 

1 16 

33 ! 

42 

12*47 

3-22 ) 

Mean .. 

9‘25 

7 to 800 

17 

36 


13-21 

3-98 1 

186 

15 00 1 


: 16 

12 


17*60 

2-60 i 


187 

10-89 1 

TtUU 1 

12 

12 

m i 

19*42 

2*53 1 


188 

19-80 1 

to < 
enn 1 

. 10 

12 ! 

fkj 

22*18 

2-38 I 


189 

15-50 ] 

UUU 1 

! 17 

16 

100 

18-24 ; 

2-74 t 


Mean .. 

16-79 

4 to 600 

. 14 ! 

13 

74 

19-35 

2-5« 


123 ; 

2-40 ^ 


25 

30 

1.3 

5 -.58 

3-18 


124 ; 

1-40 1 



,30 

13 

5-23 

3 -83 ; 

1 

125 1 

3-50 I 

lO 

AAA 

1 21 

30 

13 

7-10 , 

3<W) ; 

1 

126 1 

0-90 

uUU 

21 

3) 

13 

3-90 1 

3-00 i 

) 

Mean .. 1 

2*05 i 

4 to 600 

26 

30 

13 i 

5-45 1 

3-40 ' 


\ First series. 


Second series. 


) Fourth series. 


Fifth series. 


Sixth series. 


Seventh series. 


Table XVIII. shows the influence of curves upon ^oods trains. The mean speed (20 to 80 kilo- 
mi'tres) and the mean number of vehicles (26 to 56) were about the same for the difibrent trains. 
The following are the results ; — 

1. When the length of the carves met with in a given distance is less than 20 per 100 / = 4*‘*48 

2. When the length of the curves in the given distance is l)etween 20 and 50 100 / := 4*“76 

8. When the length of the curves is grr^ater than 50 per 100 / af 5*** 12 

We have considered the line as straight when the radius of the curve has Wn greater thsii 

2000 metrcHi, The radii of the other curves were lietwsen 1000 and 2000 metres. It is shown, 
therefore, that curves of a long radius exert a sensible influence ufion goods trains. 
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Oar experiments haye shown ns that if we denote the coefficient of resistance a ton in a 
sinught line by /, 

The coefficient on a curve of 1000 metres will be / -f 1 

And „ „ 800 „ /+1-50 

Inflaence of the Condition of the Permanent Way upon the Resistance. — The rails upon which the 
greater part of our experiments were made are 6 metres in length, and the joints are covered with 
plates. When the condition of the permanent way is not good, when, for example, it is near the 
time for repairs, the train is subject to more or less violent shocks according to the rate of speed. 
A case of this kind occurred to the express trains No. 33 of the 13th to the 16th March, 1865, Paris 
to Htrasbourg. The way was in a bad state from the kilometre-post 96 to post 115. Comparing the 
force and the speed on this section of the line with the force and speea in an adjoining sectimi 
which was in a good condition, offering the same circumstance of curve, viz. from post 74 to post 84, 
we find for the way in a bad condition \ — 


1. Train 33, March 13, for V = 67*^ / = 112*^ 

2. „ „ 14, for V = 59*' / = 100'^ 

3. „ „ 15,forV = 67‘‘ 7=125“ 

Mean . . . . V = 64“ and / = 112“ a carriage. 

And for the way in a good condition 

1. Train 33. March 13, for V = 72“ / = 115“ 

2. „ „ H, forV = 75“ /= .95“ 

3. „ „ 15, for V = 77“ / = 132“ 

Mean .. .. V = 75“ and / = 114“ a carriage. 


Thus, it may be stated ihat, on account of the bad condition of the permanent way, the speed was 
reductid from 75 to 64 kilometres without any reduction of force. The increased resistance was due 
to sliocks and a certain amount of friction on the flanges. 

Influence of the i'oupliny on the Resistance . — The foret* required to start a train and the resistance 
on curves of small nidii are influenced by the degree of tension given to the couplings. In goods 
train.s. the couplings being usually Uxise, the trucks are put in motion one after another, and con- 
soc}ucntly the whole tram is started vrith a siimller exjxjnditure of force than in the case in which 
the engine has to overcome the inertia of the whole train at once. In jvasseuger trains the couplings 
ar<i maile very tight to prevent oscillation when in rapid motion, and our experiments in these cases 
have shown that a considerably greater foitui was required at starting tlian in the preceding case. 
Figs. 26<K), 2601, give tw’o dynamometrical curves from which the difference of force required to 
start a train, caused by the mode of coupling, may be clearly seen 

1. For the gootls train 75, February 13, 1865. 

2. For the iwssenger train (2) 10, June 6, 1866. 


Influence of the Speed ; Resistance of the Atr . — The greater the sjieeii, the greater is the resist- 
ance of the air. The oscillation of the carriages, also, increases with the speed, especially upon 
curves, and the friction of the tire becomes in a pro}x)rtiouatc degree greater. Conseciuently, the 
resistance of trains generally must depend in a great measure upon the speed. 

1. Passenger Trains . — Our experiments ujion short passenger trains give 


For V = 39“ 
„ V = 46“ 
„ V = 58“ 
„ V=:76“ 


/ = 
/ = 
/ = 
/ = 


or 

about 40“ 

a carriage. 

7‘-2l, 

44“ 


9‘-57, 

„ SSk 

vy 

H‘-5o, 

„ ‘J(5‘ 



Fig. 2601 gives the curve representing the law of the resistance according to the velocity. The 
same Sgu^ i^ves the curve of the resistance for trains composcnl of more than 10 carriages. It will 
bt? Bc^cn that the law of increase of the ordinates in function of the abscissso, which represent the 
velooitieii, is less rapid. We will give four points of this curve ; — 


For V = 85“ / = 5“ ’67, or about 35“ a carriage. 

„ v=45“ 


V = 52“ / = 6“-53, 

V = 60“ /=8“05. 


40“ 

48“ 


2. Goods TWitns.— -The nature and length of goods trains being very variable, it is much more 
difficult to asoertain the influence of the speed. By referring to Table XVlll. it will be seen that 
the resistance inereases by about 1 or 2 per 100 for an increase of speed of 1 kilometre within the 
limits of 20 to ^ kilometres an hour. Note O.) 

8. Mixed 2Vaia«.—- We find 


These ooeffieienti are considerably smaller than those for passenger trains. This is because the 
ying load is much greater in mixed trains, and because the resistanoo of the air has much less 
Influeuoe on the ooeffioient of reslstanoe a ton gross weight. 
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Influence of the External or Atnmpheric Wi}K^.^Besid6s the roBistanoe of the air, we have that 
due to the atmospheric wind. 

Train No. 9, August 13, 1860 (from Paris to Ch&teau-Thierry, Figs. 2611, 2612), and train 20, 
of the same day (from Chftteau-Tliierry to Paris), composed of the same carriages, and moving in 
the same atmospheric circumstances between 10 oVlock in the morning and 5 o’clock in the after> 
noon, were both experimented on by means of the dynamometer oar. 

The direction from Paris to Chateau-Thierry is shown Indow, opposite the direction of the wind 
observed during the journey. The lino winds a little, but if we consider the whole of the joumej^ 
it will be seen that the train had, on going, the wind nearly behind, and, on returning, the wind 
was of course a head-wind 


aeii. 3612. 



The absolute velocity of the wind was determined by two observations made, by the compass 
and vane, within a few minutes of each other. The first vras made in the station at Chtiteau- 
Thierry, a little before thii departure of train 20 ; the second during the journey on a long pitjco of 
straight line within a kilometre of Chateau-Thierry. It may be assumed that, during the interval, 
the direction and the absolute velocity hod not changed. 

Thus wo knew ; — 

1. The angle made by the actual direction of the wind with the direction of the train when 
stationary, equal to 40^. 

2. The angle made by the relative direction of the wind with the direction of the train when 
in motion, equal to 15\ 

3. The 8i>oed of the train, that is, of the artificial wind created by the motion of the train. 

Under these conditions, on account of the sw'iftuess of trans)x>rt, the vane serves as an auemo> 

meter. We may thus construct the parallelogram of the velocities, and deduce the value of the 
actual velocity of the wind. 

The absolute velocity of the wind was, by this means, found to be 8"* *40 a second. 

Tablb XVIII.— Ijifluesce of Curves upon Traction. 


Designation of tbe Train. 


Desi^Uon of the 
Sections of Line. 


Speed an 
hour. 


Numl)er of 
, Carriages, 
kc. 


Coefficient of 
Traction. 


OtMcrvations. 


64. March 19, 1863.. 
8,’). Ffb. 27, 1863.. 

85. Fch. 27, 1863.. 
62. Fell. 27, 1863.. 

62. Feb. 27, 1863.. 

85. Feb. ri, 1863.. 
8.5. Fob. 22, 1863.. 

78. March 17,1864.. 
78. March 17, 18fj4.. 

80. March 19,1864.. 

89. March 18, 18(H.. 
89. March 18, 1864.. 
88. March 18, 1861.. 
83. April 6. 1864.. 

81. April 11, 18<H.. 
78. April 13, 1864.. 
88. April 14, ]8(J4.. 
88. April 14, 1864.. 
88. April 14, 1804.. 

<0 -69. April 29, 1864.. 
75. Aug. 31, 1864.. 
75. Aug. 31, 1804.. 
66. Aug. 31, 1804.. 
66. Aug. 81, 1864.. 


( lriloinetrc.p<M(L 

140 to 129 

kilonj^'trefl, 

! 27 

i 29 

i 148 „ 

166 

; 25 

! 37 

! 191 

198 

; 28 

: 41 

! 169i., 

165 

! 26 

30 

1 „ 

119 

! 28 

30 

150 ., 

1611 

26 

S7 

189 „ 

I98i 

25 

87 

203§„ 

199 

29 

47 

199 „ 

1901 

f 29 

47 

139 „ 

135 

25 

30 

148 „ 

154 

29 

38 

! 1.54 „ 

161 

; 27 

38 

204 „ 

199 

26 

26 

57 „ 

6*2 

; 26 

44 

120 „ 

134 

! 26 

43 

197 „ 

193 

i 23 

1 55 

203 „ 

199 

26 

35 

1 199 „ 

191 

: 26 

; 35 

! 1«9 „ 

157 

26 

38 

28J„ 

31 

25 

31 

9i„ 

14 

1 22 

! 42 


26J 

1 27 



39 

j 28 

1 

25i„ 

23} 

29 

i 38 

Keans . . 

' 26 1 

37 



The cliatanoe travelled 
on a curve U Icaa than 
20 per 100 of the total 
dintance. 


4-43 
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Tablb XVIII.— Infltjenoe op Cuevbs upon Tbaction— confmti^d. 


Designation of the Train. 

Designation of the 
Sections of Line. 

i 

Speed an , 
hoar. { 

1 

Number of ! 
Carriages. | 
&c. 

Coefficient of 
Traction. 

Observations. 


kil»in&tre>po8t. I 

kiloinhtres.' 


kilogrammes. 


85. Nov. 26, 1862.. 

70 to 

78 

30 

83 

604 

The distance travelled 

85. Nov. 26, 1862.. 

86 „ 

91 

28 

33 

5-73 

on a curve is between 

77. Dec. 6, 1862.. 

67 „ 

78 

26 

28 

5*84 

20 and 50 per 100 of 

77. Deo. 6, 1862.. 

89 „ 

94 

29 

28 

5*46 

the total distance. 

64. March 19, 1863.. 

124 „ 

118 

28 

29 

3-98 


64. March 19, 1863.. 

113 „ 

109 

27 

29 

4*18 


85. Feb. 17, 1863.. 

176 „ 

180 

25 

39 

5*56 


85. Feb. 17, 1863.. 

180 „ 

187 

27 

39 

5*41 


62. Feb. 27, 1863.. 

185 „ 

177 

25 

28 

3 14 


62. Feb. 27, 1863.. 

104 „ 

1.59 

29 

30 

3*35 


85. Feb. 27, 1863.. 

103 „ 

170 

25 

37 

4*87 


8.5. Feb. 27, 1863.. 

170 „ 

1844 

24 

37 

5-23 


83. March 16, 1864 .. 

60^,, 

72 

22 

29 

5*95 


83. March 16, 18(M.. 

72 „ 

78 

24 

29 

5 00 


80. Jlnrch I't, 1864.. 

122 „ 

117 

29 

30 

4*23 


80. March 19, 1864.. 

115 „ 

no 

27 

30 

4-55 


81. April 11, 1864.. 

80 „ 

91 

28 

43 

5 37 


81. April 11, 1864.. 

no „ 

115* 

26 

43 

6-21 


66, April 7, 1864.. 

73 „ 

07 

25 

34 

4*46 


66. April 7, 1864.. 

61 „ 

05 

25 

34 

4-65 


88. April 14, 1864.. 

182 „ 

170 

25 

35 

4-48 


75. Ahr. 31, 1864.. 

57 „ 

01 

21 

41 

4-54 


66. Aug. 31, 1864.. 

62 „ 

50* 

25 

34 

403 


81. Kept. 1, 1864.. 

57 „ 

60 

1 28 

43 

! 4-03 



Moans .. 

1 25 

34 

4-76 


85. Not. 26, 1862.. 

07 to 

70 

1 26 

33 

012 

The distance travelled 

85. Nov. 26, 1862.. 

80 „ 

83 

' 30 

‘ 33 

602 

on a curve is more 

85. Nov. 26, 1862.. 

103 „ 

113 

j 28 

. 33 

5:00 

than 50 per 100 of 

77. Doc. 6, 1802.. 

103 „ 

109 

1 24 

< 28 

5-80 

the total distance. 

04. March 19. 1863.. 

104 „ 

95 

! 30 

29 

5 59 


63. March 16, 1864.. 

79 „ 

83 

1 26 

29 

5-20 


8!t. March 18, 1804.. 

noi,, 

182i 

1 20 

38 

5*72 


8.3. April 6, 1864.. 

09 „ 

76 

25 

41 

5-30 


81. April 11, 1864.. 

07 „ 

71 

21 

43 

5r>3 


81. April 11, 1864.. 

95 , 

103 

20 

43 

5-83 


78. April 12, 1864.. 

109 „ 

104 

29 

, .30 

3 23 


78. April 13, 1864.. 

181 „ 

177 

24 

, 56 

4 00 


85. Nov. 20, 1862.. 

99 „ 

102 

27 

! 33 

6-75 


77. Dec. 6, 1862.. 

100 „ 

103 

23 

1 88 

504 


80. March 19, 18(H.. 

81 „ 

78 

24 

i 27 

4 54 


K3. Marcli 16, 1864 .. 

78 „ 

82 

26 

{ 29 

5*18 


83. April 6, 1864.. 

79 „ 

82 

25 

! 41 

5-22 


81. April 11, 1864.. 

79 „ 

82 

25 

! 43 

508 


66. April 7, 1864.. 

81 „ 

78 

22 

! 34 

4-95 


78. April 12, 1864.. 

102 „ 

99 

27 

t 30 

3-58 



Means .. 

24 

j 35 

512 



The reaifliance observed on the outward and homeward journey, on the same portion of the line 
and at alx>ut the same rate of speedy was, for the same number (thirteen) of carriages, 

Between posts 93 and 97 720 and 822 kilogrammes. 

„ 76 „ 82 700 „ 857 „ 

„ 69 „ 66 600 „ 806 „ 

,, 59 „ 64 . . 552 „ 835 

„ 26 „ 20 643 „ 817 „ 

Bfcan .. 643 „ 827 ,> 

We thus find- a difference of 184 kilogrammes (about 30 per 100 of the resistance of the train 
on the outwanl journey) duo to the influence of the wind having a velocity of 8"* -40 a second. 

These results ^ow that the influent of the wind is considerable, and that the resistance of 
passenger trains must be very variable, if the weather be not absolutely calm. This fact is corro- 
ooraied by Tables Q to J. 
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We find as the maximum effect of the wind : — 

Passenger Tra%n$» 


Experiment No. 83. Speed 46 kilometres / = 12’**63 

„ No. 24. Speed 45 „ / = 10^*06 

Goads Trains, 

Experiment No. 54. Speed 25 kilometres .. .. /=?*'• 68 

„ No. 92. Speed 21 „ /=8‘‘ *60 


These four experiments were made in a high wind, though not sufficiently violent to be called 
a storm. It follows from this that, in the absence of extraordinary atmospheric circumstances, the 
resistance of trains may vary from the single to the double. 

Practical PesuUs and Calcnlations for Determining the Different Terms entering into the Formula of 
the Power of an Engine, — Formula for the Resistance of Trains , — The numerous experiments made 
by us lead to formulae giving the resistance r a ton. W. Harding’s formula for the resistance r of 
trtdns on a level and in a straight line is ; — 


r = 2*72 + 0 094V + 


0*00484 X SV*. 
P 


[»] 


r being the resistance of the train a ton in kilogrammes ; 

V the speed an hour in kilometres ; 

8 the section of the front of the train (S = 5 square metres) ; and 
P the weight of the train in tons. 


The results given by this formula are much too great. Its application will be found in Table 
XIX., where the difference in the values obtained for r will be seen to b<‘ considerable. We have 
preferred to modify the coefficients in this formula without changing its form, which seems to us 
a very convenient one. 

The results of our experiments have led us to the following conclusions ; — 

1st. That we cannot have a simple fonnula applicable to any train ; 

2nd. That the trains must be arranged in two groups, the first comprising goods trains moving 
at from 12 to 32 kilometres an hour ; the second, ^1 trains moving at a rate of speed greater than 
32 kilometres. 


Table XIX.— Applicatios op Harding’s Formula, B = 2*72 + 0*094 V + - - .X 

Goods and Mixed Trains. 


Designation of the Train. 

Speed 

an 

boar. 

Gross 
Weight 
in toua. 

Value 
j of the 

1 Second 
j Term. 

Value 
of the 
Third 
Term. 

Total 

J Value 
’Calculated 
i forR. 

Value 
found by 

nient 

tlZCfWS of 
tlie Value 
found by 
Calculation. 

ObsurvatioiUL 

199. June 20, 

1862 

kUoma. 

20 

567 

' 1*88 

0*02 

kilB. 

4*62 

312 

1-50 

S is the section 

62. Feb. 27, 

1863 

25 

306 

2*35 

0*05 

5*12 

3*14 

1*98 

of the front of 

40 *62, April 28, 

1864 

26 

509 

2*45 

0*03 

5-20 

3*20 

2*00 

the train. 8= 

66. Aug. 31, 

1864 

17 

332 

1*60 

0*02 

5-34 

3 14 

1*20 

5 sq. mitres. 

567. June 27, 

1862 

29 

221 

2*73 

0*09 

5*54 

4*43 

1*11 


562. June 15, 

1862 

29 

301 

2*73 

0*07 

5*52 

4*32 

1*20 


64. March 19, 1863 

28 

321 

2*63 

0*06 

5*41 

4*01 

1*40 


62. Feb. 27, 

1863 

31 

396 

2*92 

0*07 

5*71 

318 

2-53 


78. March 17, 

1863 

31 

474 

2*92 

0*04 

6*68 

3*98 

1*70 


88. March 18, 1864 

29 

249 

! 2*73 

0*08 

5 53 

! 4*05 

1*48 


78. April 12, 

im 

32 

300 

3*02 

0*08 

5*80 

i 4*33 

1*47 


78. April 12, 

1864 

29 

326 

2*73 

0*06 

5*51 

3*54 

1*97 


78. April 13, 

1864 

31 

536 

2*92 

0*04 

5*70 

4*41 

1*29 


78. April 13, 

1864 

31 

536 

2*92 

0*04 

5*68 

3*54 

2*14 


66. Aug. 31, 

1864 

30 

296 

2*83 

0*07 

5*62 

3*71 

1*91 


100. April 25, 

1862 

36 

239 

3*38 

0*13 

6*23 1 

4*64 

1*59 


100. April 25, 

1862 

38 

227 

3*58 

0*15 

6*45 1 

4*60 

1*85 


38. Dec. 5, 

1862 

37 

200 

3*48 

0*16 

6*36 

4*67 

1*69 


38. Dec. 16, 

1862 

39 

174 

3*67 

0*21 

6 60 i 

4*43 

2*17 


46. Nov. 19, 

1864 

44 

120 

4*14 

0*39 

7*25 j 

5*18 

2*07 


ino. April IS, 

1862 

34 

207 

3 20 

0*13 

6*05 

5*22 

0*83 


100. April 16, 

1862 

42 

190 

3*95 

0*10 

6*77 

5*75 

1*02 



1st Oroup,^Goods Trains moving at from 12 to 32 kilometres an hour upon a level the ourves being 
of a long radius^ and the weather fine , — WTien the rate of speed is low, the term in V* of the equa- 
tion [8] has BO little importance that it may be suppress^, The nature of the lubricating sub- 
stance has a notable influence, ocoasioniug a considerable change in the oftftffldffiitff. two 
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following formula are the result of the tentative processes to which wo were obliged to have 
reooi|rge;-r 

For trains lubricated with oil, 

r = 1*65 + 0*05 V. [a] 

For trains lubricated with grease, 

r = 2-30 + 0*05 V. [6] 

These formula) show the advantage possessed by oil over grease at a temperature of x5^. 
Below this temperature, the advantage increases rapidly ; above, on the contrary, it becomes less. 
Table XX. gives the results of these formulsB appH^ to our experiments ; it will be seen that they 
differ but little from those obtained by actual trial. 


Table XX.—Application op a New Formula to the Calculation op the Kesistance op 
Goods Trains, It = 2*30 -|- 0*05 V. 


Designation of the Train. 

Speed an 
hour. 

Value of the 
Term In V. 

Value of R 
by Calculation. 

Value of B by 
Experiment. 

Excess of ibe 
Value by 
Calculation 

199. June 20, 1862 .. 

kiloDK ireh. 
20 

100 

kilogrammes. 

3-.30 

kilonrammea. 

3*12 

0*18 

C2. Feb. 27, 18«3.. .. 

2.5 

1*25 

3-, 55 

3*14 

0-41 

i0*62. April 28, 1S64 .. .. 

2ti 

1-30 

300 

3-20 

0-40 

66. Aug. 31, 1864 .. 

17 

0*85 

815 

3*14 

0*01 

567. June 27, l.-^ei .. .. 

29 

1*45 

3*75 

4*43 

0*68 

562. June 15, 1^62 .. .. 

29 

1*45 

3*75 

4*32 

0-.57 

64. March 19, ls»»3 .. 

28 1 

1-40 

3*70 

4*01 

0*31 

62. Feb. 27, 1S6X .. .. 

31 

1 55 

3*85 

3*18 

0*67 

78. March 17, 1864 .. .. 

31 ! 

1 55 

3*85 

3*98 

0*13 

88. March 18, 1864 .. 

29 1 

1-45 

3*75 

4*05 

0*30 

78, Ar>ril 12, 1864 .. .. 

32 ! 

1*60 

3*90 

4*33 

0*43 

78. April 12, ISiH .. 

29 i 

1-45 

3*75 

3*54 

0*21 

78. April 13, 1864 .. .. 

31 1 

1*55 

3*85 

4*41 

0*51 

78. April 13, 1864 .. .. 

31 1 

1*55 

3*85 

3*54 

0*31 

66. Aug. 31, 1864 .. .. 

30 1 

1-50 

3*80 

3*71 

0*09 


Table XXL— Appucation op Harding’s Firmcla, K = 2*72 -f- 0 094 V 4- ^ 

Passenger Trains. 


Deeignation of the Train. 


Speed 1 
an ; 

hour. 1 

i 

Gross i 
Weight 
ill tons. 

Value ! 
of the J 
8«i'orid ! 
Term. 

Value 1 
of the , 
Thlnl ' 
1 erm. ' 

Total ' 
Value by 
Cal- 
culation. ' 

Value by 
Experi- 
ment 

Excess of 
the Value 
by Cal- 
culation, 

35. April 27, 

36. May 6, 

1862 .. 


kilometres.' 

47 

iK) 

4*40 i 

0*58 

kilogs. 

7*70 i 

kiU>g<. 

6*24 

1*46 

1862 .. 

, . 

46 

101 

4 32 

0*52 

7-56 : 

5*54 

2-12 

40*26. April 28, 

1866 .. 


44 

101 

4*13 

0*48 

7*33 1 

6*43 

0*90 

44. June 8, 

1866 .. 


45 

107 

4*23 

0*47 

7*42 

5*73 

1*69 

40*35. April 24, 

1866 .. 


45 

50 

4-23 

1*00 

7*95 

7*44 

0*51 

40 *35. April 26, 

1866 .. 

, , 

41 

56 

3*86 

0*75 

7*33 

7*27 

0*06 

2*16. June 6, 

1866 .. 


46 

58 

4*32 

0*91 

7*95 

7*56 

0*39 

35. April 27, 
35. May 1, 

1862 .. 


54 

90 

5*10 

0*81 

8*63 

6*95 

1*68 

1862 .. 


50 

101 

4*/2 1 

0*62 

8*06 

6*03 

i 2*03 

36. Ml y 6, 

1862 .. 

, , 

54 

101 

5*10 i 

0*72 

8*54 

6*03 

1 2*51 

85. May 7, 

1862 .. 

, , 

50 

106 

4*72 1 

0*59 

8*03 

6*71 

1*32 

40*23. April 28, 

1866 .. 

,, 

52 

101 

4*90 

0*67 1 

8*29 

6*54 

1*75 

35. June 4, 

1866 .. 


54 

105 

5*10 1 

! 0*69 

8*51 

6*95 

’ 1 56 

36. April 80, 

1862 .. 


58 

91 

5*45 j 

0*92 

9*09 

8*03 

1 06 

35. Nov. 19, 

1864 .. 


59 

98 

5*56 

0*88 

9*16 

7*95 

j 1 21 

35. June 4. 

1866 .. 


63 

105 

5*93 

0*96 

9*63 

8*16 

1 47 

40 *35. April 24, 

1866 .. 

, , 

65 

50 

6*12 

2*12 

10*96 

9*80 

1 1*16 

40*,32. April 25, 

1866 .. 


60 

55 

5*65 

1*65 

10*02 

9*10 

0*92 

2*16. Juno 5, 

1866 .. 


61 

61 

5*75 

1*55 

10*02 

9*80 

0*22 

33. March 14, 

,1866 .. 

•• 

76 

53 

717 

2*73 

12 62 

I 14*55 

1 

-1*93 


f Oroup^^^All TVwtfUi mtwilyj at a rate of ttpeed greater than 32 kilomStres^ upon a level, the curves 
J of a long radius , — Table XU. gives the results of the application of Harding’s formula to 
these trains. They are much too groat for heavy trains, are nearly true for light stopping trains, 
and are too small for express trains of eight carriages. After many trials, we have be^ obliged to 
Admit three series of ooeffloients. (See Table XXll.) 
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Tnki&B moTing at tnm 32 to 50 kilometres an hour, 
r = 1-80 + 0-80 V + 

Trains moving at from 50 to 65 kilometres an hour, 

r = 1-80 + 0 08 V + ^8 X V* 

Trains moving at 70 kilometres an hour, and above, 
r = 1-80 + 0 + 


W 

W 

H 


To show the necessity of these different coefficients, wo must remark that, in these formulm, 
the term in V represents the resistance at the circumference of the wheels, which resistance increases 
with the speed and the oscillation, and that the term in V* represents the resistance of the air; tlie 
heavier the train, the more is the resistance due to the surface cxpi^nl to the wind proiiortion- 
ately reduced. The reason why this term contains the weight P as a denominator is therefore 
evident. 

The formula? [c], [d], and [c], give results that agree perfectly with tlio.Ho obtained by experi- 
ment. r being the coefficient of resistance a ton on a level and in u straight line, the additional 
resistance due to gradients, curves, and so on, may be calculated by the methods we have already 
given. 


Table XXII.--Appucation of New Formelje to the Resistance of Passenger Trains. 


Designation of the Train. 

1 

! Spoed 

1 on 
! hour. 

1 

Gross 
Weight 
in tOQ& 

Value 
of the 
Second 
Term. 

Value 
of the 
Third 
Term. 

Total Total 

Value by Value by 
Cal- tlxiMTi- 

culation. uient 

Exoss of 
the V'aluo 
hy Cal- 
culation. 

Observations. 

100. April 25, 

1862 

kiloms. 

36 

; 2.39 

2-88 

0-23 

kilogs. 

4-91 

kilngs. 

4-64 

0-27 

Bnecfl from 32 to 50 
kiloms. an hour. 

100. April 25, 

1862 

38 

227 

3 01 

0-26 

5-10 

4-60 

0*50 

38. Dec. 5, 

1862 

37 

200 

2*96 

0-29 

5-05 

4-67 

0*38 

R = l-80-fO*(l8V 

38. Dpo. 16, 

1862 

39 

! 174 

3-12 

0-38 

5-30 

4-43 

0-87 

. 0-009 xSV* 

46. Nov. 19, 

1864 

44 

' 120 

3-52 

0-70 

6-02 

5-18 

0-«} 

+ i> • 

100. April 16, 

1862 

34 

207 

2-72 

0-23 

4-75 

5-22 

-0-47 

100. April 16, 

1862 

42 

: 190 

3-36 

0-19 

5- 515 

5*75 

-0-40 


35. April 27, 

1862 

47 

, 90 

3-76 

1*11 

6-67 

6-24 

0-43 


36. May 6, 

1862 

1 46 

101 

3-68 

0-95 

6-43 

5-54 

0-89 


40 -26. April 28. 

1866 

i 44 

1 101 

3-52 

0*87 

6-19 

6-43 

-0-24 


44. June 8, 

1866 

i 45 

I 107 

3-60 

0-85 

6-25 

5-73 

0-52 


40-35. April 24, 

1866 

; 45 

50 

3-60 

1-83 

7-23 

, 7-95 ■ 

-0-72 


40 -35. April 26, 

1866 

' 41 

1 56 

3-28 

1*37 

6*45 

7-33 

-9-88 


2*16. Juno 6, 

1806 

; 46 

‘ 58 

3-68 

1-62 

7-JO 

7-95 : 

-0-85 


35. April 27, 

1862 

» 54 

90 

4-32 

0-97 

7-09 

6-95 

0-14 

SiKHid from SO to 65 

35. May 1, 

1862 

50 

101 

4-00 

0-74 

6-54 

6-03 : 

0-51 

Kilonjs. an Iionr. 

36. May 6, 

1862 

. 54 

101 

4*32 

0-86 

6-98 

6-03 

0*65 

U = l-80+0 08V 

35. May 7, 

1862 

50 

106 

4-00 

0-71 

6-51 

6-71 

-0-20 , 

. O-OWJ X S V* 

40 23 April 28, 

1866 

52 

101 

4-16 

0-80 

6-76 

6-.54 

0-22 

V 

35. June 4, 

1866 

54 

105 

4-32 

0*82 

6-94 

6-95 ; 

-0-01 ! 

Jr 

36. April 30, 

1862 

: 58 

91 

4-64 

1-10 

7-.54 

8-03 

-0-49 1 


35. Xov. 19, 

1864 

59 

98 

4-72 

1*05 

7.57 

: 7-95 

-0-38 I 


35. Juno 4, 

1866 

63 

105 

5-04 

1 15 

7-99 

' 8-16 

-O' 17 1 


40 35. April 24, 

1866 

65 

50 

5-20 

2-55 

9*55 

‘ 9-80 

-0-25 ; 


40-32. April 25, 

1866 

(K) 

55 

4-80 

1-97 

8-57 

9-10 

-0-53 1 


2*16. Juno 5, 

1866 

; 61 

61 

4-88 

1*86 

8-54 

9-80 

-1-20 i 


33. Mamh 14, 1866 

76 

t 

53 

10 64 

2-18 

1 

14-62 

1 i 

14 55 ' 

■ i 

1 

0 0?! 

1 

BjKHkl>70kilottifi. 
K = l-80-f014V 




1 I 

j 

, 0*004 x 8V* 

^ P 


,o,u •‘'“r/of^.-Tahle XXIII. Rive. th« maximam ammmt of 

work developed by different kinds of ongines during the course of our exiKirinumts. The highest 
rates of speed may practically be fixed as follows 


Cramnton's engine 

Mixed engines 

Goods engine (wheels of I* ‘40) 
n (wheels of 1“* 80) 

ft (8 wheels coupled) 


y =r 80 kilomHres. 22*" • a second* 
V=:55 „ „ 

V = M : 8-80 

y = 26 „ 7—20 „ 

V = 24 „ 
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Whence we conclude that at their {greatest rates of speed, our several engines are capable of deve- 
lophjg the following amounts of work ; — 

Orampton's engine 400 horse-power. 

Mixed engines - .. .. liOO „ 

Goods engine (wheels of 1"’* 40) .. .. .. .. 300 „ 

„ „ (wheels of 1‘"* 30) ,, 275 ,, 

„ „ (8 wheels coupled) 400 „ 

Dividing the work by the heating surfaces of the engines, we obtain the actual horse-power to 
the square metre. Wr have 

Crampton’s engine .. 4*3 horso-power. 

Mixed engine (type 14) 3*0 „ 

„ „ (type 12) 30 

Goods engine (tyjK* 20) 2*4 „ 

11 11 (typ^ 15) 2*7 „ 

„ „ (8 wheels coupled) 2*0 ,, 


follows from the above fignrtnj that the work in horso-power to the unit of heating surface 
incroasiis with tho speed, and with the diinensioiis of the furnace relatively to the t 'tal hf‘..U;ig 
surface. Now, tho sjx^t^d which a locomotive is capahle of maintaining, while exerting a given 
forctj, dejwnds on the production of steam. The results of our exj)eriments under this head will 
l>e found in Note C, and Table XXVIII. 


Table XXIIT.—OnEATEST Valve of the Work of Engines aocobding to Experiment. 



i 

1 


Work 

W’nrk Total Work at Mean of 





SpfKMl 

upon 

to 

the cirenm- 

lb- 


Desiffnatiou the Train. 

Kind of Engine. | 

an 

the 

niox'e ferenco of Uie 

Work 

0>)S€>rration& 



1 

hour. 

Coa|>- 

the 

iTlving- , for each' 




1 


ling. 

Motor. ' 

wheels 1 

kind, j 





mlonKS. 

h -p. 

h.-p. 

h.'p. 

h.-p. , 


33. March 13. lH<')f> . Crampton’s .. 

78 

202 

115<»‘l 

377 3 

392 ' 

0) The work required 

33. March 15, 

1800 


74 . 

297 

no 

407 J 

to move the mtdor has 

1-lC. Juno 7, 

i8<;o 

/Free wheels. — \ 
l Typel ../ 

42 

132 

87<*' 

219 

204 ! 

been computed at 8 kilo- 
grammes a ton, accord- 

1*35. June 4, 

1800 

11 ♦» 

37 

113 

80 

193 

ing to experiments made 

1*3.8. July 21, 

l.sOO 

Mixed. — Typo 14 

44 

110 

91 

201 :) 


u|>on engines with free 

3»5. Dtr. 10, 

1802 

45 

204 

58 

2(;i 


wheels and u])on ten- 

40 April 

1800 

11 1“ 

70 

1.79 

120 

279 : 


ders. 

40*34. April 27, 

1800 

„ 12 

48 

175 

no 

291 

297 

The three experi- 

40*23. April 28, 

18(k» 

r c li 

47 

214 

101 

34513) 


ments upon t ngines of 

35. Jiuie 4, 

18»i0 

„ 14 

03 

227 

81 

308 1 


type 1 were made with 

2 05. Julv 21, 

1805 

Goods.— Tvi>o 20 

18 

242 

53 

295 1 


the o.scape closed. Tlie 

1*08. July 8, 

1804 


25 

2:!0 

41 

271 ! 


production was diffi- 

1*07. Julv 0, 

]8ri4 

„ ,, 20 

20 

250 

1 

t 4 i 

327 1 

295 

cult. 

.3* 04. June 22, 

1804 

„ „ 20 

24 

2 14 

; 49 

293 i 

This large amount 

1 *08, June 21, 

i8(;4 

„ 20 

20 

249 

44 

29.3 1 


of work of 345 horse- 

1*08, June 20, 

1801 


20 

250 

i 44 

294 


power was maintained 

80. April 14, 

ISO 4 

Oocxla. — Tyjie 15 

24 

239 

' 33 

272 


during a short distance 

91. April 13, 

1801 

», 41 15 

28 

> 225 

i 38 

2i)3 

|2C1 

only. 

89. March 18, 18i;4 

„ IS 

31 

2.32 

43 

275 i 

140. March 21, ISOl 

i.’i 

18 

183 

i 50 

233 : 



12*72. Jan. 13, 

1800 

lEi(.'ht alipc'ls^ 
( coupled ..) 

21 

' 297 

! 

i 71 

368 1 

\ 


12-80. .Tfin. 11, 

1800 

It »1 

10 

278 

' 02 

310 



12*78. Jan. 12, 

1800 

1 t1 11 

1 23 

205 

71 

330 

'340 

1 


12*80. Doc, 22, 

1805 

1 n ti 

25 

202 

78 

340 


K 74. March 'll, 1SC.7 

j 11 11 

! 15 

200 

127 

327 ’ 



E 74. Marah ri, 18<;7 

j 11 11 

! '' 

203 

! 

104 

307 

1 t 

/ 



i of Locomotirox, — Table XXTV. contains trains in which a slipping of the wheels was 
obsr,‘TV<Hl. It gives the value* of the adhesion of the engine when the lower limit was reacht'd. 

As an exainpio, let us take train HO, March 21, 1803; gocMls engine, type 15; adhesive 
weigiit = 30,000 kilogrammes; nature of the line = gradient of 0 millimetres; temperature = 7^; 
wet and windy.— Tho tractive force upon tho couplings of the tender was in this case 2850 kilo- 
gramiiuw; to find the total tangential force, we must add 700 kilogrammes expouded in moving 
the motor itself Table XXIV.), which gives 3550 kilogrammes. The coefficient of adhesion 
^ 8550 1 

WM. thorefow. 30000 = F4- 

In this cose, notwithstanding tho slipping, the speed was not less than 15 kilomtHres an hour. 
To roaliio those conditions, the tMigincn must bt* provided with sand-lwxes in good working order. 
It will be seen from Table XXIV. that during our experiments the coefficient of adhesion has 

been as low as but this was an exceptional case. Wo oould not base our regulations for load* 

log upon this oooffioient. ^ 
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Table XXV. contains trains in the case of which traction was acoomplished with very high 
values of adhesion without slipping. At the top are given the coefficients observed when the 
train was in motion, and which correspond to a long distance : at the bottom, the coefficients 
observed at starting, and due to an instantaneous effort. 

The maximum value of the coefficient, during motion, was This is the higher limit of 

adhesion that will serve to regulate the loads which may be drawn by engines in fine weather , 
The minimum loads to be drawn in all weathers may be determined by taking the coefficients as 


g . In winter we cannot reckon upon an adhesion greater than this. 

The variation in the speed of trains has considerable influence on adhesion. It has been 
observed that a train of eight cArriages, moving on a level at the rate of 70 kilometres an hour, 
requires as much adhesive force as the same train moving at 40 kilometres up an incline of 
9 millimetres. 

At starting, the limit of adhesion is, on most occasions, nearly reached, and the coefficients 
found in these cases are higher than those found when the train is in motion. In practice, wo 

may admit the coefficient at starting as 

Practicdl Formula of the Po\per of on Engine^ — The practical formula which we are about to give 
is derived solely from the results of our experiments. 


Let P be the gross weight in tons which an engine is capable of drawing at a rate of speed V 
upon a line of known nature ; 

r resistance of the w'eight I* a ton ; 

P' the weight in tons of the engine and tender; 

r* the resistance of the weight P' a ton, considering the engine and tender as mere 
vehicles ; 

S the heating surface of the engine ; 

N the actual horse-power to the unit of heating surface ; 

P" the adhesive weight of the engine, that is, the weight resting upon the points of the 
driving wlieels in contact with the rails ; 

m the coefficient of adhesion of the engine. 


The force of the circumference of the wheels will be P r -f P' r' 

\ being the sliced in metres a second, the work to be cffecUjd is (P r -f- P' r*) V. And we onght 
to have 

(Pr + FOV<S X N X 75. [F] 


Besides this, to avoid slipping, wo must have 

(Pr-f mP". 


[F-] 


By means of these two formulse the load which a given engine is capable of drawing may bo 
readily calculated. They will equally serve to solve the inverse problem which will ofteiier occur 
in practice. 

To determine the principal elements of a locomotive to draw a load P at a rate of siMiefl V upon 
B line of known nature, an approximative value must bo given P' in equation [F], when Uio 
value of 8 may be deduced. Equation [F^ w ill enable us to determine P ". 

The problem will have received its best solution il we succixhI in making c^ual pair by pair 
the memrjers of the relations [F] and [F']. (For the other parts of the engine, see N<»te E.) 

Note A . — ri3 rica of a Fair of Wheeh. — In making d^mamometrical exfHTiments on the n^sistanco 
of trains, it may happen that each division of the distance upon which tlie ex{M^rinientH were made 
was travelled over at a uniform rate of Kpec*d ; nothing can he easier than to measure the resistanco 
of the train in such cases. But it hapiiens very ofu n that thesix^ed varies considerably ; in this case 
more calculation is requisite to find the coefficient resistance. The formula which we have 
employed is the following : — 


Let V„ bo the initial velocity in kilomldres an hour; 

V, the final velocity also in kilometres an hour ; 

P the weight of the train in tons ; 

p the weight in kiJo^mm(;« of a revolving piece, such as wheel or axle ; 
K the radius of gyration of a revolving piece ; 

R the radius of the circle of levolutioii ; 
n thexmmber of vehicles: 


a the unknown coefficient of resistance a ton, at the mean speed of — - ; 

F the mean tractive force in kilogpAmmos ; and 
8 the space traversed in metres. 


We have 


F X f = X X 


P X # 4 : X 10004. 




P] 
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To find iho value of the term 2^? , wo will apply the oalculatlon to tne circumference and to 

K* 

K'* 

the axle. Say for the oircumferonce P' X * 

Wo are here considering the rolling stock of the Eastern Railway Company, to whom most of 
the trains experimented on belonged. The outer diameter of the wheel is I*” *03 when the wheel 
is now. The tire when now is 55 millimetres in thickness ; it is used till this thickness has been 
worn down to 25 millimetres. Therefore, considering the wheel as half worn out, we shall have 




Whence we deduce K' =0*48, tlint is, K' is very nearly equal to the radius of the circle of 
K'* 0*4S* 

revolution = 0*920. 

R* 0-50* 

The weight of two pieces of tire, at the moan thickness of 40 millimetres, is 2C4 kilogrammes* 
Therefore, for a pair, we shall have ;/ = 204 x 0*92 = 243 

For the axle let us say x 

This term is very small. Wo find p" X = 1 *08. 

K'* K"* 

For a pair of wheels we have p' 4- />" -g, = 244*08. 

K* 

For the carriage with two axles, 2 p = 488. 

K’ 

And for tho whole train, 2 p n x 488. 

Having made the necessary substitution and rc<lnction, formula [1] becomes 

F X 5 = X X P X « i: 0*004 (P X 1000 + n X 488) x (V,* - \V). [2] 


This formula was appliM in calculating Tables A to J. By moans of it we may calcnlate tho 
resistance a bm .r, even when the 8 |kx?» 1 has variiil throughout the time of the experiment, 

Suppo84' a single carriage im{H4led at an initial velocity V« and then left to itself till it stopped. 
The thinl term of formula [2] is then 0*001 x (1000 P -f 48S) x \V- 

Hiihstituting the weight in kilogrammes P' for tho weight in tons P. and the speed in metres a 
second V for tho speed in kilomt*tr(.^s an hour V,. we have 

P' = m X <7, 

p = o ooi X PV 

V, = 3 (;0 xV; 

and tho above term becomes (1 m + 25) X 

Thus tho rotating vis ©iro of a poir of caixiago-whoels is expressed, in kilngrjimmctrea, by 
12*5 V*. 

The same calculation gives tho folh»wing values of tho vis ©mi of some of the wheels to which 
our cxm>riments apply ; — 

1. For a jmir of tender-wheels of 18*4 x T®; 

2. For a javir of cugiiie-whixds of 1 "* * 30, 20 x V* ; 

8, For a pair of engine- wheels of I*"' OS. 27*4 x V*. 

jVot^ H. ^Afodijicatum 0 / the /{i/futnmmitT /or the pur}>osr of Ciilruhtinj the Jlesistanre e^iused 6y a 
/JrriAc.— For the purpose of measuring tho rcHistaneo chusihI by a brake, a cross-bar 6 e of wrought 
iron was fixeii to the traction-lmr. To the ends of this cross-bar were attached pieces connected 
with the liimler buflTers, ns shown in the figure. 

If we have a brake in front of the dynamometer car, the front buffers of the <»r strike against 
and pn^ss U|)on this obstacle, and its hinder buffers n receive the thrust of the train rolling behind, 
transmitting it by moans of the piece h c to the traction-bar of tlie dynninometer. In this way tho 
thrust is inode to act upon the dynamomoirical spring, and we are thus enabled to nicaauro aocu- 
nvtoly the tnfiumice of the bmke. 

Note <\>-^PnHtu.'tion of iS'h’om.— The speed of a locomotive while exerting a given force, deperuts 
on iU production of steam. Tables XXVI., XXVII., and XXVIII., give the maximum consump- 
tion of water obsc*rvo<l by us ami tlie maximum value of tho work in hor8e-i»ow<*r. 

Tho maximum value of tho w<»rk in Imrse-iiower includes the work de\ oloiHxl ui>on the coupling 
of the tender, ami ttio work required to move tho motor itself. Tliis latter work was imputed in 
accordance with the contents of Table III. Where tho total mean of the work is not given, that 
portion of tho line was too irregular to allow us to find a moan. Tho water was measured in the 
temlor by means of a graduateii scale. The consumption of water does not corrosiiona exactly m 
tile production of stiwm, boeause a certain quantity of water is carried off ; but at present we will 
*Dot oensider quantity. 
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Table XXVni.— Gbbatbst PBODronoN of Steam. 


E3ad of Ebgias. 

Dsto. 

Mean 

Speed 

an 

hour. 

No. of 
KUo- 
metres 
experi- 
mented 
over. 

No. of 
Revo- 
lutione 

a 

second. 

Work 

exerted 

upon 

the 

Train. 

Work 
to move 
the 

Engine. 

Mean 

ToUl 

of 

Work. 

Total 

Heating 

Surface. 

Weijpht 

Water 

con- 

sumed. 

C 

Walfthtcif 
Water non- 
fnmed Ut the 
•quAt-e mMro 
t.f Hmting 

SttrrH<*o AM 

buur. 






tciloma. 



h..p. 

b.-p. 

h.-p. 

8q. met. 

kilogH. 

kilogs. 

Crumpton’s 

.. 

33. March 15 

,1806 

73 

141 

2-88 

297 

no 

407 

91-27 

8680 

42 

rrt'e 

wheels. 

Typo 1 

1*16. June7t 

1866 

42 

30 

2*18 

.. 

.. 

.. 

67-91 

2146 

42 

Mixed. 

tt 

12 

40*35. April 24, 

1866 

57 

41 

2-77 

131 

125 

256 

81-00 

2770 

88 

» 

tt 

7 

31. May 4. 

1865 

51 

45 

2-67 

131 

71 

202 

88-32 

2915 

33 

It 

tt 

14 

40 -23. April 28, 

186.6 

46 

55 

2-40 




100-42 

4264 

32 

ti 

tt 

7 

31. Dec. 21, 

1865 

47 

37 

2-45 

173 

60 

239 

88-82 

2590 

32 

?t 

tt 

12 

40-85. April 24, 

1866 

44 

22 

214 

177 

68 

245 

81-90 

1720 

36 

tt 

tt 

12 ,40 -35. April 26, 

1866 

42 

38 

2-05 

150 

65 

215 

81-90 

2900 

34 

tt 

tt 

12 '40-35. April 2G, 

1866 

51 

88 

2-47 

150 

79 

229 

81-90 f 

2a5;i0 

.35 

n 

tt 

12 40 -35. April 24, 

1 8('.6 

! 46 1 

16 ! 

2-22 

.. 

,, 


81-90 ' 

1140 

33 

r> 

tt 

H 

i-ca July 27, 

1864 

22 

40 i 

1-05 


.. 

.. 

100-42 1 

5378 

35 

Eight coupled \ 
wheels .. .. i 

12-72. Jan. 11, 

1866 

! 

16 

19 1 

113 


.. 

.. ; 

193-63 ! 

4203 

18 

tt 



E.74. March 21. 

1807 

17 I 

10 ! 

1-19 

263 

104 

367 

203-63 ! 

1080 

16 

Goods.- 

-Type 20 E. (>3. 3farcli 22, 

1867 ; 

13 ’ 

13 ; 

0-81 

132 

54 

186 

126-70 

2470 

20 

99 

tt 

20 ; E. 63. March 20, 1S67 

12 i 

13 1 

0-76 

140 

50 

190 

126-70 i 

27i)0 

20 

99 

tt 

20, 

1*68. July 8, 

1S(;4 

25 ; 

24 

1-57 

190 

44 

234 

126*70 ' 

:1756 

28 

99 

tt 

20 f 

1-67. JulVO, 

lSf»4 

24 1 


1,52 

236 

74 

310 

126-70 

2813 

29 

99 

tt 

15 

78. Feb. 14, 

1865 

37 

31 ! 

2-52 

160 

71 

231 

100-12 ; 

3072 

82 

19 

tt 

15! 

61. Fvh, 14, 

1865 ! 

26 

31 

1-77 

135 

50 

185 

100-42 

3390 

26 

99 

tt 

15 : 

1'67. July 26, 

1864 

15 

12 : 

1*02 

126 

53 

179 :i00-42 

271»7 

32 

99 

tt 

11 : 

75. Aug. 31, 

1864 

18 

21 : 

1-14 

106 

26 

13-2 1 

98-80 

2715 

22 

'9 

tt 

11 i 

66. Aug. 30, 

1864 

26 

38 

1-65 

I 

148 ; 

3.3 

1.S1 ! 

98-80 

4063 

25 


Of passenger engines, Crampton’s developed the greatest amount of work, namely, *107 horse- 
jwwer. The maximum prcKluction of steam to the scpiare metn; of the whole heating surfaet^ was 
42 kilogrammes. The mixed engiius type 12, productnl a mean equal to that of the mixt'tl engine, 
typo 14, and yet ty]>o 12 poHsessi*s a much sinaller surface. Hut we see from Table 1. that its fire- 
box is os large as that of typ(‘ 14, only thetiil>e8 arc considerably slujrter. The production of steam 
in passenger engines is, therefore, not sensibly increased by lengthening the tube's beyond about 
3 metres. 

With respect to the wheels, the greatest production corresponds to the greatest numl)er of revo- 
lutions a second. For C'rampton’s engine, to 2 ’ S3 turns correnmnd a production of 42 kilogrammes ; 
for the mixed engine, type 12, to 2 * 77 turns correspond a production of 3S kilogrammes. The great 
consumption of water by the engine, type 1, is owing to the enormous quantity carried off by tho 
steam, on account of the very small size of the VK>iler. 

In general, for goods engines, the production to the square metre of heating surface by the hour 
is less than for passenger engines. For engines with four coupled nxlc.s moving at full speed, thia 
production was only Id to 18 kilogrammes. These engines mf»ved very slowly. The engine with 
wheels of I™ *30, moving at the rate of 37 kilometres an Jiour, gave 32 kilogrammes. The engine, 
type 20, moving at full sjK'ed with regard to adheshm, gave a production of 20 kilogramnu^s. Tho 
same engine moving at full speed with regard to production, gave 20 kilogrammes, at a speed of 
24 kilom^res. 

The production of steam by the hour to the square mte of heating surface, and, conseriuently, 
the work, incremses with the speed of the engine. From this point of view there is, therefore, a 
gain in increasing the speed up b) the limit that raav be reachr4 without injury to the mechanism. 

Comsumptim of Water to the re.— Table JfXVI. gives the consumption of water tr» tho 

kilometre by various kinds of passenger engines. The mean consumption in places whore the line 
was nearly level is the same for CrampVm’s as for the mixed en^rms, namely, alxnit 57 litres. 
Upon an incline of iw»*5 the consumption of mixed onginos was G4 litres; ujxm an incline of 
3 millimtrtres it was 72 litres. 

Table XXVII. relates to goods trains: from this Table wo see that the consumption by goods 
engines varicxl, according to the nature of the line, from 37 to 233 litres. IJfwn incliiies of 18 and 
20 millimetres, the en^ne (type 20) consumed more water tlian tho engine with four oouphxl axles, 

^ because in the former it was necessary U) force the production by closing the escafs*. 

Consumptim of Water to the Carruujc or to the Ton drawn. — Tables XXVI. and XXVII. give also 
the consumption of water to the carriage, or to the ton drawn for each kilometre. 

Tasftenfjer Trains. — The divisions (1) and (2) of tho Table wdate to the same line, namedy, 
nom Paris to Epemay. It will be Sf^en tliat upon this j)ortion of line, the traction of a carriage of 
an express train reauirod 7*04 litres of wab;r, whilst a carriage of a stopping train reciuired only 
4*45 litres to tlie Inlometro. (Table XXVI.) 

2. Goods TVttiiM.— The traction of a ton, gross weight, required 0*85 litre to the kiJbmHre on a 
® ^ ^ ^ ^ weather^ and 1 *33 litre on un incline of 19»»»60. 
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The traotion of a ton weight at an oqnal rate of Bpcecl Upon portions o. line similar In nature, 
troquhed 0*88 litre with an engine with eight coupled wheels, and 1*39 litre with an engine of 
type 20. 

Engines with eight ooupled wheels are, therefore, economical, as they utilize in a high degree 
the mechanical force of the steam. (Large boiler, long tubes.) 

Consumption of Water to the Horse-power . — Other things being equal, this consumption decreases 
with the increase of speed. Thus, for express trains, it was 0*23 litre, and for stopping trains 
0*44 litre. 

In the case of a Tory slow goods train this consumption peached 1*48 litre, and even 1*85. 
Those results are accounted for by the fact that in engines moving at a high rate of BX)eed the 
steam is expanded more than in engines moving at a slow rate. Under the same conditions, the 
consumption to the horse-power and by the kilometre was 0*86 litre for the engines witli eight 
coupled wheels, and 1*48 litre for the engine type 20, which shows again the advantage offered by 
the former engines from an economical point of view. 

Water carried off by the Steam and lost by jAuihayc . — If wo compare the actual consumption of 
water measured in the tender with the theoretical c/)n8umptioii calculated from the volume describ£*d 
by the piston during the length of admission, we find the former much greater than the latter. This 
is because a large quantity of water is carried off in an unvapourized state, and some is lost by 
leakage. Our ^culations show that this loss formed the following fractions of the total con- 
sumption - 

Train (1) C8, June 21, 18G4 30 per cent. 

„ (1)(;7, July t;, 18G4 24 

„ (1)G8, July 8,1864 31 „ 

„ (2) 65, July 21, 1866 39 „ 


From this we conclude that for engines of typo 20, moving at nearly full speed, the waste 
of water is about 31 per cent. We may remark that in these examples the engines were in a good 
condition. 

It is ]>lain that leakage should be prevented as much as possible. But is it desirable to dry 
the steam? A saving of fuel would be eflbeted; but beyond a certain degree of dryne6.s, other 
atid greater distul vantages would ensue. The piston, the cylinder, and the stuffing are rapidly 
ii(‘stroytfd wht‘n the steam is toc) dry. It has been noticed in the case of drivers who are accus- 
tomcil to keep the water low, that they consume less fuel than those who prefer to keep the water 
high ; but, ou the other hand, it has bticn noticed again that the engines of the former get soonest 
out of order. The (juestion is thus r<Hiuced to one of cost of fuel. 

Ht/fe IK — FrWtiiM jHTuliar to an Lnyhu' at Work . — Besides the resistances which we have found 
for engines in motion without working, there is a certain supplementary resistance creattni by tho 
rticiprocal pressures of the moving parts. Supposing the engine to move slowly enough to allow 
us to C(»nsitl<T tiu! steaiii as acting with full pressure from the l>eginnmg of the a<lmissiou, and 
also to consider the resisting pressure as equal to the pressure of the atmosphere, and calling 

p the absolute pressure of the steam in tho boiler, 
the pressure of the atmosphere, 
s the surfoci^ of the piston in stjuaro metres, 

I the length of the admission, 
r the Icn^h of the expansion, 
r tho hmgth of clearance at the escape, 

/. the length of the csoajie, 
r. the length of the compression, 

I the length of clearance at the admission. 


we have as the positive work of the gases behind the piston during a single stroke of the piston, 
10000 X » (l + 2 30 loR. + /rj . 

The negative or resisting work of the gases in front of th(? piston is expressed by 
10000 X » (p'/. +pr\ X 2-30 log. + pr,). 

The formula oiprcuing tho work to tho ainglo atroko of the piaton ia, therefore, 


T = 10000a X 


[pf (l + 2-30 log. '-^-p'(/, - n) - pr, X 2-30 log. - pr,]. 

For tho engine of typo 20, with tho driving lever at tho Cth division, we have 
8 =0*1515 m^tre. T, = 0 * 163 metre. 

I = 0*272 „ = 0*016 

r = 0*249 „ p = 8*250 kilogrammes, 

r = 0*136 „ / - 1*033 „ 

/, = 0*478 „ 

Bulwtituting thc'so values in tho proooding formula, wo find T = 4500 kilograramtstres.^ 

For one rc'volution of the wheels, wo shall have for tho two pistons, 4 x T = 18000 kilagramp 
mtitres. 

If wo supiHMK) a B{)oed of 15 kilometres an hour, we shall have a second, 

18000 X ~ - 17000 kiloaraiimibtre., or 826 hotae-power. 



18S0 


DTNAMOMBTEB OAR. 


Kow let tu consider the ease of the train (1) 68 of the 8th July, 1864. This train was drawn 
up an incline of 6 millimetres by an engine of type 20, at a spe^ of 15 Idlometres an hour, theC 
driving lever standing at the 6th division, and the useful work, measured on the oouplings of the 
first oanriage, was 175 horse-power; which gives as the quantity of work absorbed by the train 
175 X 75 13125 kilogrammetres. To this must be added the work absorbed by the resistances 

of the engine and tender, at a speed of 15 kilometres an hour (4n*16 a second), up an incline of 
6 millimi^tres (16 kilogrammes a ton for the traction and the friction as more veliioleB); this work 
is found to be 3461 kuogrammetres. 

We have, therefore, 

* KUogrammdtraa 


Work absorbed by the train 13125 

Work absorbed by the engine 3461 


On the other hand, we found 

Work produced by the steam 


Total .. 


16586 

17000 


Difference .. .. 414 


Thus the work absorbed by the extra friction catiscd by the pressure of thn steam was alimit 
400 kilogrammctres. On account of tlic hypotheses which wo have made, however, this quantity 
is rather above than below the truth. 

The engine weighing 33 tons, the resistance due to these frictions, measured at the circum- 
414 

ference of the wheels, was = 3*‘'02 t<> the ton. Tho whole resistance due to the fric- 

tion of the mechanism and to the pressure of the steam is, tiKTcforo, 6*05 + 3*02 = 9*07. (Si*e 
analysis of the various resistances in engines.) Strictly, this resisUince d(H‘H not apply to tho 
circumference of the wheel, but it absorbs a portion of tho pressure oxortod by tho steam upon the 
pistons. 

From what we have given above, we may decompose the total amount of work in tho following 
manner;— 

175 horse-power exerted upon the couplings of the first carriage, 

51 horse-power absorbed by the caigmo and tender. 

In the case of a level way and the same speed, the disposable work upon tho couplings would 
have been greater. The totol amount of work remaining the same, it would be decom|)oscd as 
follows;— 

192 horse-power upon the couplings, 

34 horse-power absorbed by the engine and tender. 

Effective Work of a Locomotive Goods Engine. — If wo call effective xrork tho ratio of the useful to 

192 

the theoretical work of the steam, calculated by the formula give n above, wo have — -- 0*85. 

The effective work was, therefore, 85 percent, under the cireumHtnnceg of the exjMTimcut, on a 
level way at full traction, and moving at a slow rate of spued. But we do not consider this the 
proper way to define the effective work. 

Injiuence of the Mode of JHstribution on the Effective Work . — TIic theoretical work of tlie steam 
is that which would airrespond to a fictitious distribution, one which would consume the same 
weight of steam that we have Bupf)OtM*d, but which would utilize this st<*am jH'rfectly. We will 
suppose, therefore, that the admission is of the same length as bc^foro, say 272 millimetres, but that 
all tho remainder of the stroke, say 385 millimidres, is l>y exjiansion. The cx|xm(litiire of sh^m 
would be the same at the same spetxl ; but the theoretical work would be tho work oor- 

resj^onding to the given length of admission. 

Xu this case the theoretical formula becomes 


T = 10000 X » + 2-30 log. - p’ (f + o] . 


If we apply this formnla to the engine type 20, with the driving lever at tho 6th division, we 
find that the theoretical work to each revolution of thr? wheels woultl l)e 21000 kilogmmmetres. 
The theoretical work with Stephenson’s slide-valve, in the same circuniMtances, being 18000 kilo- 

18000 

gramm^tres to each revolution, we have ^jqqq 0*86; which shows that the mode of distribution 


by means of Btephenson’s slide-valve reduces, in tho case in question, by 14 per ami. the useful 
work which might be obtained from the steam. 

The actual effective work of an engine bciiig, in our opinion, the ratio of the uw'ful work 
developed upon the train, to the theoretical work of tho steam corresjxmding to a perfect dii 
bution, we have as the effective work of the engine in the case in questiou. 


192 192 

21000 4 * 16 ” 264 “ ^ 

~75 ■ Fw „ 

Effective Work of a Passenger Engine.-^Ks an example of tho amonnt of effective work ill£ie 
case of a jmssenger engine, we wiU eite the following experiment f 
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Tram 82, of March 15, 1866. From Oh&tean-Thionry to Paris, a distanoo of 94 kilombkes. 
Mean inclination of the Hue, nothing. 

^ Volume of water consumed, 5670 litres. 

Driving lever at the Ist division, regulator half open. 

Mean useful work, 144 horse-power. 

Mean speed, 45 kilometres an hour. 

1 Diameter of the cylinder, 42 centimetres. 

Stroke of the pisUm, 56 centimetres. 

Diameter of the driving wheels, 1“»*C8. 

Length of the admission, on the left side of the piston, O'” * 095. 

„ „ on the right side of the piston, 0® • 133. 

The length of the admission not being the same on both sides of the piston, we shall make the 
calculation for each side. 

Mean pressure indicated by the manometer = atmospheres. The pressure may rise to 
8 atmospheres; but the train being light, it did not r(‘ach its maximum. 

Supposing the pressure in the boiler of atmospheres to have existed upon the piston 
throughout the admission, the steam to have Ix-en expanded throughout the reuminder of t)ie 
stroke, and the resisting pressure throughout the whole stroke to have been equal to the atmos- 
pheric pressure the theoretical work of the steam is given by the formula 

T = 10000 X 5 + 2-30 log. ^ -/>’(/+ oj • 

Wo find for the left side of the piston, T = 2016 kilogrammiitrcs ; and for tne ngnt side of the 
piston, T ::r 2704 kilogrammi'tres. Tlie theoretical work to each revolution of the wiiecls is 
2 T H- 2 T' = 9500 kilogrammetres. But at a of 45 kilometres an hour, the numlx*r of 

revolutions a s(«oud is 2*38, which gives as the theoretical work a second, 9500 x 2*38 = 22600 

144 

kilogrammetres, or 301 horso-power. Thus the cflective work was ; = 0 • 48. It must be observed 

oUl 

that the engine was not working at its maximum power. 

A.—y^iirk.’»wn<ms of the Parts of Pn<fitu;s . — Tlie formulco W’hich we have already given enable 
us to I'aleulnte th(? heating surface and the ndhehive weight. It now remains for us to fix the 
dimensions of the prinei{)al iiarts. Our ox|KTiiaent8 lead h> the following results; — 

/oT-W. — The surface of the firi‘-tH>x ought to la* not less tlian ; — from 6 to 8 square metres, 
for a total Inciting surfaeti of 80 to 1,50 s<|uare metres; from 9 to 10 square metres, for a total 
heating surface of 150 to 200 square metn-s. 

Cyiituicrs , — The diameter of the cylinders W'Ul bo from 

88 to 40 cx'ntimetrcs for engines with free wheels, 

40 „ 42 „ for mixed engines, 

42 „ 45 „ for engines with 6 wheels coupled, 

48 „ 50 „ h^r engines with 8 wheels coupled. 

Largo cylinders give great power to start a load, hut they use a large quantity of steam when in 

motion. In <*very ease their diameter w ill be fixed by the.s** two cr)n.‘>iderntion8. 

\V/urh . — The diamotiT of the wlu'els slamld he suflieiciitly great to prevent a too high rate of 
speed in the oscillating parts. The heavier the lueehanisni, the lower will be the limit of this 
8jHr«xl, We recommend the following limits (whence result the maximum number of revolutions 
a second) 

2 to 2*” '30 for express engines, free wheels, 

(V = 80‘‘) 3*5 to 3*1 revolutions a second ; 

1*60 to 1"** 80 for iwssengiT mixed engines, 

(V = .55'*) 2*8 to 2*7 revolutions a second; 

1*"‘40 for gooils engines to Ihj used on a level, 

(V = 30^) 1 -9 revolution a second ; 

1*20 to 1"** 30 for gcMvls engines to Ih^ used on .steep gradients, 

(V = 24*^) 1*7 to 1*6 revolution a second. 

KoU F, — Power of Brakes , — A few oliscrvntions on the action of brakes may bo added to the 
remarks we have already modo on the subji^ct of the resistance of any vehicle running upon a 
railway. 

Usually, brakes aro applied so as to stop the wheels altogether, that is, the wheels are made 
to slido upon the rails wliilo remaining motionless relatively to the vehicle; usually also, the 
bmko-blocKs an> of worn!, and of that kind of wwxl which oilers the greatest friction, in order to 
reduce tho force a]>plie<l to them. When the action of tlie brakes is continued for any considerable 
length of time, that portion of tho wheel which is in contact with the rail is worn away, thereby 
causing a fiat surface in tho tire of tho when*!, and the wooilen blocks aro quickly destroyed. To 
remove these two defects, it lias been propewed to allow tho wheels to revolve slowly in contact 
with tho brake-blocks, and to substitute iron for wooden blocks. The question is whether this 
ohaniro would reduce the useful effect of the brakes. For the purpoee of solving this important 
quesSon, the following experiments were undertaken. Two trains were made up of an engine, the 
ayuamometer ear, ana a brake-van. The brake-van of the first train vms p^vid^ with wooden 
biake-blooks; in the oeoond train, a van with oast-iron blocks was substituted for it. 

The two series iff experk^ts were made upon the same piece of line, when the rails were 
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quite dry. A determinate speed was kept for a certain time, then, at a giyen signal, the steam 
was shut off: at the same instant the brakes were applied and the train left till it came to a stand. 
By means of the (lyiiamometer oar the distance, ihe speed, and the resistance offered by the brakl}> 
van were accurately measured. Another mode of experimenting consisted in applying the brakes 
while the engine continued to draw, keeping up during the time of the experiment a uniform 
speed. 

Tablb XXTX.."-»ExpTOiriiNT8 on thb Powxb of Bbakxs. 


Nature 
of the 
Brake. 

Numbere 
of the Ex- 
perimeuU. 

1 

1 Speed 

1 keptuph 

Speed when 
the Steam 
was shut off. 

Sliding on 
the Kails. 

Distance 
Kun while 
Stoppiitg. 

Mean 

Resistance of 
the Brake. 

Observations. 



1 kiloma 

kiloma 


metres. 

kilogs. 



^ 1 

1 

46 

Complete 

550 

760 

The sliding is complete 


2 


42 


450 

740 

when ilie wheels are 


3 


45 


630 

625 

fixed, partial when 


4 


55 


830 

740 

they turn slowly. 


5 


89 


295 

830 


g ' 

6 


41 


894 

850 

Wcip:ht of the brake 







980 

with Wfxxlcm blricksi, 

1 




n 

.. 

810 

6398 kilogrammes. 






, . 

960 



. 10 

41 

- 

»» 

•• 

880 






Moan res 

btaneo .. 

817 



1 


36 

Partial 

262 

1030 

Weight of the brake 




36 


317 

950 

with iron blocks, 




82 


210 

1050 

5730 kilogrammes. 




64 

fy 

960 

985 



5 


1 44 

tf 

358 

1110 



6 


47 

tt 

595 

910 



7 


33 

ft 

315 

985 

1 

i3 

8 



tl 

• • 

1140 


1 

9 

34 


1) 


1030 


2 


31 


n 

• • 

1390 


g { 

i 11 

36 




1080 


& 

12 

26 


n 


1320 


i 

13 

82 


yt 


1220 


e 

14 

64 

• # 

91 


2G0 



15 

86 

• • 

jf 


1400 



16 

43 


IP 


1340 



17 

80 

ee 

99 


1400 



18 

43 

• a 

If 

• • 

1200 



19 

47 

• s 

n 


1000 




28 


II 


1340 


\ 

21 

83 

- 

99 

•• 

1100 


1 




Mean resbtaneo .. 

1100 



Table XXIX. giyes the results of these experiments. The mean speed is the same in both 
series. The resistance of the brakes provided with wooden blocks, when the whcctls wore prevoutod 
from revolving at all, was 817 kilogrammes, while that of the brake furnished with cast-iron blfK'ks, 
when the wheels were made to revolve slowly, was 1100 kilogrammes. Beferring these resistances 
to the weight of the corresponding brake-van, we find them equal to 

0*128 of the weight for the brake with fixed wheels, 

0*192 of the weight for the brake with wheels turning slowly. 

T^tts, a oomuJerably greater effect can he obtained from a brake j by allowing the wheels to turn slowly 
than by slopping them altogether. 

From a theoretical point of view, this fact may be explained in the following way 

Let W be the weight of the brake-van ; s the distance run from the moment wlicu the wheels 
are stopped till the fiain is brought to a i^ndstill, and / the coefficient of friction of the tiro on 
the rail. 

The negative work of the brake will be expressed by W x / x s. 

Again, let / be the ooefi^ent of friction of the ture which turns slowly, and h* the distance 
traversed by a point of the tire, relatively to the rail, during the whole of the time occupied in 
stoiming. 

llie negative work of the brake will be expressed by W x / x s'. 

If the initial ms vtea b the same in both cases, we shall have W/i s W/s'. But we have s<s. 
Therefore, f must be greater than /. 

The excess of f over / may be Bioi explained. 
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The effect of the fHotion of tho vheel againgt tho brake-block ia to bring the exterior molecules 
of^he tire into the position represented by Fig. 2613. 

This position of the molecules is reversed at 2013 

each revolution by the friction causc^d by the 
sliding on the rails. These two frictions in con- 
trary directions^ increase each other in a marked 
degree. 

But when the wheel is fixed, a small flat face 
is formed upon which the sliding is effected with 
poater facility. These hypotheses are confirmed 
by practice. As a matter of fact, tho tires which 
rub against the iron blocks are worn out in a 
short time, without many degree destroying their 
circular form. 

We must remark that the resistance of brakes 
increases as the s(>eod diminishes. This fact is 
shown by Table XXIX., and espi^cially by the 
form which tlio curves of tho diagrams assume. 

We perfectly agree on this subject withM. Bochet, whose experiments arc discussed in tho Annales 
dcs Mines. 

Kote (r . — Lowest Limit to the Speed of Trains , — The study of our dynamometrical curves has con- 
vinced ns that it is not advantageous to reduce the speed of goods trains to a very low rate, even 
where tho gradients are steep. 80 long as the train moves at a pretty g<x)d speed, tho oscillations of 
the dynamometrical curve are inc()n 8 i(lerable, as shown by tlic dotted line in Fig. 2G14 ; tho 
train being in this case kept steady by tho f?is viva which it has stored up ; but if the train 
moves very slowly, the oscillations of the curve become great, as shown by the full line. 

2614 . 




In this case, tho upper and lower limits 5 6 , c r, of the oscillations diverge widely from tho lino a u, 
representing tho mean tractive force ; this force does not sensibly change so Jong as a speed of 
20 kilometres an hour is not exceeded. We see, therefore, that a very low rate of specxl, tho effect 
of which is to raise the upper limit 6 6 , would require greater forces for the same mean traction. 
Consequently there will be grt^ater risk of slipiiing. Besides, the production of steam becomes 
difficult when the sptHHl is very low. For these reasons, we think that tho lowest limit of the speed 
of trains should lie fixinl at 12 kilomctri’s an hour. 

Note JL, — Jiesistance of Engines without Tenders. — Tho resistances of engines may bo considered as 
coiufKisod of throe elements ; — 

1 . Kesistancos due to tho motion of tho engino considered os a more vehicle; 

2. Resistances duo to the friction of tho mochamsm ; 

S. Resistances duo to the additional friction oaustHl by the pressure of the steam. 

For goods ongiuos with three coupled axles, wo found, to the ton ; — 


For tho rc&istancos duo to the first 6^*15 

„ „ „ second 6 ^ 05 

„ „ „ third 3^ 02 


Total .. .. 15»^-22 

The total resistance to the ton for a goods engine is, tlicrefore, 15*^* 22 . It will bo noticed that 
Uie rttsistance duo to the second cause is nearly equal that due to the first. 

We were unable to detemiino the third element in the casi* of mixed engines with free wheels, 
becanso it the usual siwed of those engint's we could not make the hypothesis on wliioh wo caleii- 
lat(Ml goods engines. Thert? is rt'oson to bcli(*vcs liowcver, that in this kind of engine, tlie athlitional 
resistances due to the pressure of the steam do not exceed those found for goods engines, and that 
further, they are about equal to these latter. Admitting this, wo shall have approximatively ; — 

Passenger Engines {Free Wlieehy 


1 . For tho resistances duo to the first cause 

2 . „ „ „ second 2 '“ 00 

8» ,, ff third „ .. .. ,, S'^'OO 

Total resistance a ton .. .. 3^*00 


1 . 

2 . 

8 . 


Mixed Engines. 


For tho resistances due to the first cause 


M 

w 


aecond 

third 


6^-22 

4^-38 

3»-00 


Total lesutunae a ton .. 12^*60 
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Tablk D. — Expehtmevts os the RESiSTAsrE r»p Goods Trains. 
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Table F.— ExrERnfivrs rpoK the Resiittaxce of Mixed Trains. 
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Tablb G. — Experiments on the Besistancb of Passenger TBAnrd. 
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Table 11 . — Experiments os the Uesistavce of Passenger Trains. 
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Table J.— Extebimevts ov tiie Resistance of Passesoeb Trains. 
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EFFLUX CHAMBER, 


A *. — Ccmpositwn of the Grease in use on the Eastern Railway (of France \ — The experiments 
to which wc liave refcrriHl when considering friction in a grease-box^ were made with the grease 
and oil now used on the Eastern Railway, The grease is composed as follows ; — * 

0 123 
0123 
0-123 
0-123 

0- 3S8 
0-120 

1 - 000 


White tallow 
Orev tallow 

Summer grease 

Lye 

1*00 

For oil-boxes^ nnpnrified colza oil is used. 

It will be seen from the above, that tlie lubricating stibstanco emplovcd was only of onlinnrf 
quality. By using bc-ttcr grease, coefSoients may bo obtaiiu«l approaching nearer and nearer tj 
^ those found for oil. 

EARTH WOK K. Fr., Tcrrasscmetit ; Geb., J.'rJbau; Enhehiitiunj ; ItaL., Lavori M tcrrn ; 
Span., J/*>rmnVn/^> lie tierr^ia. 

See Embankment. Fokttfication. Railway ENOiNEEUiNr,. 

ECCENTRIC. Fr., J.'xr^-ntrhpu' : Geb., J'u->rntnf:: ItaL., ; Span Eau'^nirii'o, 

See Cam. Details of Encines, p. IIOO. 3Iechani(’al Movemkn'i.s. 

EFFLUX CHAMBER. Fil, Chanthre (Tecoulenxcnt ; JSc>>nhtr ; (iEU., AtLslnuf ; Au<mun>litn f ; 
Sr.\N., i'drti'iranut </<.’ 

The eifhu and inrinr chambers (Brooklyn Water-works, U.S.), at Riilgew(VHl, j^ogsess wane 
points of novelty that <le8c*rve the att«*ntion of engiiM*or«. 

The influent chamber ia placeil at the south end of the divi.^ion einbanknu-nt, and the eniitent 
chamber at the north end of tiic same embankment. Each ciuindHT is arrung«*ii eomiuunicule 
with both compartments of the res<?rvoir, or with either comjwrtmont at will. Tiie distance between 
the two chaml>er8 is 121,5 ft. The water, theri^fore, receivHl into either comiwirtment of the 
reservoir, from the influent ohnrabe^r, has more than this dishuice to travel Is-fore rea4’hing llu) 
chamber whence it is delivered to the city, and during its im|»firceptibh' progress, as rt*gurds vehs-ity, 
between these two points, it has ample time h) deposit any sediment with which it may iinve Is^^m 
cliarged. But as it very rarely hapf>en8 that the water in the conduit or pump-well is afl'ei-hHl in 
this way, it usually reaches the rewTVoir clear as spring wah-r. For this ebameter of water, two 
divisions in the reservoir w’oiild not havtjbt-en nty-ussary, as prr>viding from one to th<* otl»er for the 
intenjuittent retention neces.sary to subsidence, one conipartiiient w'ouM have eijiiaily sati^flf-^l the 
necessities of the case as to that point ; but tlie twro are m*<H-ssary as a means of cleuniiig and re]».iir- 
ing the reservoir without dmwing off more tiiaii half of its tvuv 'tw of water. 

The influent chamln'T is in length 2s ft,, wiilth 13 ft.; the Uittom i.s sitiiatM 0 ft. Isdow high 
water of the reservoir, and 4| ft. 1h‘1ow tla* e^-ntre of the mouth of the (b livoring pipes. From this 
pool, or chamber of water, an open {mssuge eommunicab-s with the- wesb m <liviHi<»ri of the reservoir, 
and another with the eastern division. Either of these; passages can be stiut off by flash-ltnardH, 
and the whole delivery, in that casfi, thrown into the cipjswite divisifuj. Tht» w-ut<-r, fb>wiiig through 
these i>a^ige«, foils, when the reservoir is low, iiib> a shallow well of wat<T, placMi then* to protix-t 
the fiaving of the slope from the we.ir of the fulling water; thenc<; it r«w*li<-s tlie n*s 4 Tvoir over a 
brick jiaving 8(;t on edge, laid in mortar, and resting on the heavy stonework of the fluindations. 
A jiortion of the bfdUan of the reservoir is jmivwI hen*, todefoml tl»e Udtom wli»m the water firht 
t4)uche.s it. Till.** paving is of stone, laid in hydraulic mortar. Thest! last details are not s«;eii when 
the reservoir is full. 

masonry of the work consist.*! of granite, carriwl up in ronm% the fnee-stone« lufing cut in 
bed and build, and dresstd to the lines of the work. The whob> is laid in hydraulic mortar, com- 
IKMjed as already described. Figs. 2015 to 2619 give tlie detaiU of the foundations and other 
particulars. 

The influent chamlx;r is large enough to receive the terminal pifu^s of four force-mains, In'ing 
the number neccsssary to deliver the waters of four engiiars, eoeh of i0,(KKi.<MH) gallons daily caij^uty, 
cr>veririg, therefore, the 40,000, OOti of supply conteui]duted in the design of these works, half of 
which supply ia provided for. 

shows but two deliver}’-pijK*a now. iKdng the months of the force-mains in current 
use. ihese tenninal pif>es are carefully built into the nuisrmry, the Isick of which, in rvmtact with 
the f«rthen embankments, is carefully puddled all round, this puddle Udrig cruiu<«etod with the 
puddle of the reia;rvoir. A separate pi<M5c of masonry, situaKd at the frwt of the exhtrior slots* of 
the ij>ank, holds and envelops the mains there a]s<i, and securtMS the pifies from any longituuiiial 
motion within the reservoir grounds, and from the leakage which suen motion might entail. An 
inspeiHion of the sharp inclination upon which the forof*-main [dpes are laid, bidow the reservoir, 
will show the risk of some such effect licirig produced there. 

The efflu^t chan^. Figs. 2620 h) 2624, is arranged so as to connect tie city supply-mains with 
the. water of either dinsinn of the reservoir, or with both, at convenienc/). KirkwfsMi^ objec^t was. 
in both chambers, to sunpUfy as much as possible, the oonnooticiD of the mams with the reservoir 
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oompartments, and at the same time to make their pipes easily accessible for repairs, complicating 
little as possible, under such circumstances, the reservoir works. 

The water-space of the effluent chamber is connected, by passages 11 ft. wide, with the two 
divisions of the reservoir, A heavy granite wall is built across each passage, rising to the same 
level as the top of the reservoir banks. In each wall there arc four oj)oning8, the two lower openings 
being 3x3 each, and the two upper openings 3x4 each. Iron sluices running in iron slides, 
faced with composition metal, cover and control these openings. From these sluices, iron rods of 
2 in. diameter rise to the top of the work, where they terminate in screws and gearing for the 
movement of these sluices. The faces of these iron sluiccis are parallel ; — it is evident now that 
they would have been tighter, had the sluices been wcKlge-shaptid, like the sluice-gates of ordinary 
stop-cocks. The possibility of their getting fixed in that case, induced the engineers to have them 
made os they are. 

In front of the sluices, towards the reservoir, in each passage, copper-wire screens are placed, 
22 ft. in height, to prevent fisi:, l(!aves, &c., from imssiiig into the effluent chamber, and so into the 
supply-pi JHJS. As a further prmiution, a screen of similar mat(!riul defends tlie j>iiM.*-mouth. 

liume<liately behind tlic efflue'ut chandler pro|)er, but (V»nne*cled with it, there is a dry chamber, 
open to the' surface, exei'pt as it is now covtjrenl by a movable iron roe>fing. The supply-mains pass 
through this dry chaiube'r, nnel it is h<T<i that the ste»p-<*<jcks of those mains and the btoj)-cocks of 
tlie't wust('-ftifH‘8 are placeal. Into the granite wall, Oft. thick, separating this chamber from the 
water chamber, the three iiamth-pipes of the three pipe-mains, eatdi of 30 in, diameter, are built in 
plaee. There is but one of tlit'se mains in use n<m% and but one large stoj>-cock in the chamber at 
present ; the moutlis of the other pipe-mains are for the present elo>ed in front. Into the opiK).site 
wall f»f the stop-erH'k ehanil)C*r, pieeesof the same* size<l mains oio built, in onler that wht n a second 
or thinl main is required to 1x3 laid, it may not he in'ces.sary to break into any of the masonry. In 
the same ehainhcr the sto[)-oocks of the waste-pi]»es are found. I'lif se waste-piiX'S are of 12 in. 
diain<*t< r, and oommunieute with each division of tlie reservoir, tlieir stop-c(M!ks Ix iiig closed, except 
w hen, in the course of drawing the water off either division, the bottom is desirtxl to be dmined off 
thoroughly. 'I’his drainage water i.s earrietl by a l2-iii. pipe to a jKUid liole on the opposite side of 
tin; tnrnptki; r«>a<l. 'I'ln' mouths of these drain-pipes are outside of the copper screens, as will bo 
tk'en in Kiirs. 2b2U to 2<»24. 

The l>ottom of tins elminber ns well as of the (‘ffluent chamber proper, is pnvwl with hard-burnt 
brick, set on etlge, and laid in c<*njeiit mortar. The masonry is of blue stone, finished with coursed 
granite, except tlie heavy fbundatiniis, which are of ruhble-wnrk. The whide work is laid in 
liydniulic cement mortar. Tlie earthwork of the ilivi.sion embuiikmonts, where it conneids with tho 
inowmry, was carefully mmined, aial the puddle wall of tin* t uibankmeiit was widened there, so as 
to cover the w lioh; space between tlie buttresst'S, The puddle wa.s enlarged in the same manner 
bi'hiinl the walls of the infiiK'iit chainber, 

Tho apparatus f<»r moving the sluices is protc'ctetl by a small house built over each im8.'>nge. 

Tlie i»uving of the reservoir slojK's, w here tln'y meet the top lines of the bunks, is finished by a 
dwarf wall, and blue shme o<«j»ing, U|»nn wiiich there is placed a low iron fence. 

KLEC'TKIO TEElOltUAl’II. Fu., 'JVk’jrapfu: c^kclmjuc ; Gek., Lkctnsche Telegraph; Ital., 
Telegra/o elettrin) ; Sl’AN., Trlr’gr^i fo eUktrico, 

An KUriric Tck jraph, or JJe<'1n.y-Sfagnetic Telegraphy is a telegraph in which the ojx'rator at one 
station eanse.s words or signs to Ih' nvonltHi or exhibittMl at another by means of a current of elec- 
tricity, geiierati d by a haiterg^ and tmnsinitti'tl over an intervening wire. St'e TELEGiiAruY. 

KliKC’TlK bMAtiNET. Fii., Awuint-ckctngue ; Ueu., Luxtrischcr Magnet; Ital., Ciuamita 
/cwi/x/r.inu ; Sl’A.N., Inum elikirieo, 

K*e llouiNt; ANi» Blastiko, p, 572. 

ELECTUO-MKTALLl’IKiY. Fr., l^lcctnym^tallurgie ; Kkctrometallurgic ; ViKiM^EIdtro^ 

KhH'tro-nietallurgy is the art of dejxisiting metals from solutions of their salts upon metallic 
rfnees by the netiiui of voltaic ehvtrieity. The most extensively known of the many siiecific 
pinc<;HS(m iiicliuled under this generic iiaiiic is that of tdtvtr(»tyj>e, the use of which is; — 

Ist. I’o d(*iK>sit ii|>oii a l>aser metal a thin, continuous, and adherent layer of a more precious 
and Ie.ss oxidaido metal; or, 

2ml. To obtain n continuous layer of metal, hut not adherent, and of suffleient thickness to 
allow of its being se|mnited from the subjacent object of which it gives an exact a>py. This is the 
real use? of the cdwtrotyis*, pMjiorlv ht> calletl. 

By those pn>ces«'s of the hydroplastic art wiiich do not require the aid of electricity, only 
thin layers can be ohtalmHl, and tho results arc of tho nature of those comprised in tho first case 
mcntioiied alM»ve. Tlicso «le|x»8its ore calk'd c/imi def^uxitsy or deposits by simple immersion ; the 
most ctimmon U'ing thostf of gold and silver. Wo cannot afiiriu that dirt'ot deposits are effected 
W’itlinut tho aid of ek^ctricity, for tho pn'winco of two diflerent metals in the fiuid produci's a real 
galvanic battery. But wo aliall retain this name for those deposits wiiich aro cfft'cted without tho 
assistanoo of a sotiroo of ek'ctricity oxiomal to the Iwith itself. There are, moreover, deposits called 
defxmtii by double which are piYnluci'd by tho contact of two metals in proper solutions. Tho 

most remarkable exainfdos of those dt'tKisits are lioeelour's process of tinning and the process of 
oopporing known as Weiirs. 

("toiainj;.— Before wo oonsider these different deposits, we must say a few words concerning the 
preparation of the metals by cleaning. This operation, or rather, this series of operations, is 
dcwired to remove from the surface of the objects every trace of foreign substances, previously to 
their being immersed in the liath. This preiiaration is of the highest importance, for if it is impos- 
siUo to obtoin a good deposit in a bad bath, it is no more possible to obtain in an excellent bath a 
> good dejKistt UfKMi a piece which has been imperfectly cleaned. 

The mode of oloamng is not the same for all metals, and it may be meohanical or chemical. The 
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chemical process gives mnch more perfect results than the mechanical, but, tmfortnnately, it can be 
applied only to copper and its alloys. For all the other metals the chemical action may be ex|* 
ployed to begin the cleaning, but in nearly all cases it must be finished mechanically, 

Cieaniivj and its Alloys , — The first thing to be done is to remove all greasy substances 

which accumulate on the surface of the metal, either during the processes of manufacture or from 
fre(^uent contact with the hands. This result is obtained by two methods. The first consists in 
subjecting the metal to a temperature producing red heat ; this method cannot bo applied to objects 
which have soldered joints, nor to those whose frai^lity would render them liable to injury, nor 
again to those which are required to retain their rigidity and sonorousness. In those cases recourse 
is had to the second method, which consists in placing the objects for several minutes in a boiling 
solution of potash and soda. 

When removed from this bath they are well nnsed and then placed in a mixture of from 5 to 
20 parts of sulphuric acid and 100 parts of water, where they are allowed to remain until the 
black layer of bioxide of copper is transformed into a reddish layer of protoxide of copper. They 
are afterwards attached to copper hooks of various shapes, acconling to the weight and nature of the 
articles. Figs. 2025 to 2627, or placed in a kind of strainer mode of grit stone, Figs. 2626 to 2630, 


2625 - 



to enable the operator to shake them easily when passing them through the various acids, and 
which are ; — 

Ist. Weak aquafortis. This is nitric acid (aquafortis) nearly cxhauste<l by previous use. The 
objects are allowcfl to remain in it for sev(;ral seconds. Thi^ acivaiitages of cmiploying w<sik a<)ua> 
fortis are, 1, a saving of new acids ; and 2, a less violent atriion upon those light parts, certain por- 
tions of which are covered with oxide while the rest is metallic. 

2nd. Strong aquafortis. This is composed of 

Azotic acid ZfP 10 litres. 

Hca salt 100 grammes. 

Calcined soot 100 „ 

The articles are placed in this for some K<?eonds, then they are exposed to the air until the snr^ 
face is covered with a kind of green froth ; they arc then plunged again into the strong a<}uafortis, 
after which they arc well rinsed. 

3rd. Compounds for brightening the metal. W^hen taken ont of the aquafortis, the articles have 
a bright and metallic appearance which wjerns indicate a state of pciifect cleanliness. It is not 
so, however, and if we attempt to gild by immersion an article just taken from the atiuafortis, the 
operation will prribably rcisult in failure. The case will be otherwise, however, if we pass the 
article through a mixture of 

Nitric acid 3(r 10 litres. 

Sulphuric acid 10 „ 

Beasalt l(K) grammes. 
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On being taken from this bath the article will have a bright and clean appearance, and the 
operation of cleansing will have been thoroughly performed. 

^ If, instead of a bright surface, we require a dull one, the formula of the component acids will be 
modified as follows ; — 

Azotic acid 36” 20 litres. 

Sulphuric acid 66” 10 „ 

Sen salt 100 grammes. 

Sulphate of zinc 200 „ 

The articles must bo loft in this bath from one to ton minutes, according to the degree of dulness 
required, and thi.s dulness, which will in all cases be too deep, must be lightened by passing the 
articles rapidly through the brightening comiKmnds. 

Another ojHjration is often jK'rformwl for the purjK)8e of facilitating the adherence of the metal, 
and it consi.sts in plunging rapidly the articles, after they have undergone the cleansing process, into 
the following solution ; — 

Water 10 litres. 

Azotnto of mercury 5 grammes. 

Sulphuric acid 10 „ 

The above solution is suitable for gold. But the quantity of salt of mercury must be increased 
when thick dejKmits of silver are required, such as table-plate, for example. 

The series of o[)cmtionH for the 
complete cleansing of copper and 
its alloys are, thus, the follow- 
ing;— 

The removal f)f grease. 

Bath of sulphuric acid. 

Bath of weak m]uaforti8. 

Bath of strong aejunfortis. 

Baths of acid cf)in|>ouiidK. 

Bath of nitrate of mercury. 

Between each of thew) 
tions a thorough rinsing is n(x;cH- 
fiary. 

Thus a series of pans, nrmng<Hl 
88 shown in Fig. 2631, are re- 
qiiixiHl, the rinsing beginning in 
tile lowest and ending in the 
iiighest, wliich confciins water free from acid. 

Fig. 2632 represents;— A, furnaces for heating the articles; B, pan for the sulphuric acid bath ; 
C, jK>t of wtiik wpinfortis ; 1), jKit of strong aquafortis; K, jK>t of compounds for dulling the metal ; 
F, jKjt of comivamds for brightening the metal ; G, azotatc of bloxide of mercury. 
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delicate objects spun glass is used. The brush represented by Fig. 2638 is intended for large bronze 
articles. Figs. 2633 to 2635 show the manner in which these brushes are employed ; they are also 
to brighten dull deposits, previously to the operation of burnishing. ^ 
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To Clean Silver, Zinc^ Iron, We have already said that the cleansing of metals other than 
copper and its alloys is in nearly all cases effected by mechanical means. I’lie following ore tbo 
processes for the common metals 

Hilver is first heated either by placing it directly in the fir© or by enclosing it first in iron bozes, 
and then plungf^d in sulphuric acid dilukfi with water. The cleansing is aft rwards completed by 
bnishing. Azotic instep of sulphuric acid is sometimes employed, but if the acid is not free froni 
chlorine, chloride of silver will be formed on the surface of the object. 
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Zino is cleaned without much difficulty when it is not joined with tin or lead. Unfortunately 
in practice zino articles are nearly always sr^ldered. In any case, however, the following process, 
which has hitherto been seldom employ^, gives satisfactory results. 

The grease being removed by a boiling solution of potash, the articles are passed rapidly through 
a liquid composed of 

Sulphuric acid 66° 10 litres. 

Azotic acid 36° 10 „ 

Sea salt 100 grammes. 

This bath should bo used exclusively for zinc, and should not contain salts of copper, which 
would bo reduced by the zinc, tl»er(djy causing a blaf'kenod surface. The articles must be well 
rinsed and the cleaning completed by means of brushing. 

Iron is cleansiHl by being inirnerstxl for several hours in a very weak solution of sulphuric acid 
in water — a hundredth of acid is enough — and then brushed with iron-wire or coarse short hair- 
brushes. Hydrochloric acid is sometimes iiwhI, but sulphuric acid is to be preferred, because it does 
not cvajwrate like hydnH^lih)rio acid. ^\*hen the metal has been cleaned, it is kept in water 
slightly alkaliz(xl, if it is iK*t recpiired to place it at once in the bath. 

8te(d is cleaned in the saiuo way as iron, but it ret|uircs to be left for a shorter time in the 
acidulatcHl water. 

Aluminium may bo well elennsed in the following manner; — 

1. A short imnuThion in caustic ^^att•r; 

2. An immersion of sovf'ral minutes in pure nitric acid, which docs not act upon the aluminium, 
but which destroys impurities on its 8urfa<*e ; 

3. A rapi<l passage through very weak fluorhydric acid ; 

4. A [mssage througli liquid phf)sphoric acid. 

If the aluminium is pure, the wlien taken out of the last bath, has a white and brilliant 

appearance. 

Lead and tin eannot be cleaned by means of acids ; recourse must, in these cases, be had to the 
brush anti st»me fine j»o\vder, such as |Kiuiice. 

Mftallu', Ayw/.sj/.? btj iSimplc /mimrsion . — Metallic depo.sit8 by simple immersion may bo 

rorisith red as particular cases of the geiH*ral law of tht5 pn^cipitation of metals by other metals 
more oxidable. The eonditiona to bo fulfilled in the case we are considering are the following ; — 
tlu' precipitattxl metal should form on the surface of the precipitating metal a uniform, continuous, 
anti adherent layer, jsissessing all the qualities jieculiar to it, such as brilliancy, colour, hardness, 
unehangeabh'Ts*H8, wlum ex|>fW(Ml Xo th<‘ influence of atmospheric agents, &c. 

It is seldom that the i>recipitation <»f intdals can Ijc ctti‘cto<l with all these conditions without 
the aid of elwtricity. The genenil principle of direct dejjosits is this; — 

If n metal Ixs placed in a K»lutiou of another metal less oxidable, the more oxidable will sub- 
stitute its(if for the other mtdal in the solution, wiiilst the latter will be precipitated in a metallic 
slate in «|ui valent atomic pmjiortions. 

Most cf»rnmonly the metal is pr<.*ei pita ted in a pulverulent state and has no adhesion with the 
subjacent metal. Bometimes, on the contrary, ns in the cases of gilding and silvering by immer- 
sion, extremely adhesive de[K>Bits are obtiriiietl. 

It sfvnis rensfuuiblo to siqqxme that iu all rases the effects produc^l are not due merely to 
chemh'al affinity, but that they result in part fn>m the elixiric current caused by the contact of 
two metals in a liquid which exerts a ebemical actiiui iijion them. 

It follows from what wc have said altove tbut with direct de]>osit8 only very thin layers can bo 
obtained, since the action must evidently cease when the whole surface of the oxidable metal is 
covered, there Inung then in reality only one inetnl in contivot with the liquid. We shall have 
o<*easioii later to ncdice an exception to this general rule in the case of silvering by the method of 
dipping with lusulphnte of wnla, but this d<H‘8 not weaken the thwry of din^ct tlojiosits. 

The billowing is, according to M. Dumas, the Table of metallic salts reducible by other metals, 
and 4»f those the solutions of which ore nut reducible by the metals; — 



Suit#, the S^ilijlinns of 
xhicU are Irietiuciblc by 

1 thu MeUia 

Salta, tbo Solutions of which aro Heducible 
by certain Metob 



Manganese. 

Tin. 



Zinc. 

Antimony. 



Iron. 

Arsenic. 



Chromium. 

IMsmuth. 



Colmlt. 

Ix'ad. 

Roducetl by iron, 
zinc, and perhaps 


Cerium. 

C'opjKir. 


l^ranite. 

Tellurium. I 

manganese. 


Titanium. 

Kickul. 





Silver . . \ 


j 


ralladium | Reduced by zinc, 
Rhodium I manganese, 
lUutiua ) cohalt, and all 

Gfdd .. I those which 




Omit urn 1 preociie silver. 
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Bdra^ins giyes the following series in which each metal is reduced from its solution by those 
which follow it ; — 

Gold, — silver,— mercury, — bismuth,— copper,— tin, — zinc. * 

Between the state of the precipitate and the decomposing force there exists a certain relation. 
In general a too energetic action gives pulverulent deposit, whilst a tardy action gives either an 
adherent metallic layer, or Bakes, or, apiin, crystals. Thus, solutions had to be sought which 
would give up their metal in contact with another metal, but with sufficient slowness to avoid a 
pulverulent deposit. 

by the Method of Dipping , — It was not till a great number of experiments wore mode that 
the conditions necessary for a good deposit were discovertMl and fulfilled. We shall describe only 
the most important of these; but we shall give more in detail the methods actually in use. 

Gilding by immersion is applicable only to silver, to copjKir, and its alloys, or to metals previously 
coppered. Baume obtained the first success by means of a bath formed simply of a solution of 
chloride of gold, as neuter as possible. By this process small pit'ces of clock-w’orks may bo gilded 
with some degree of success ; but the bath soon became acid, which destroyed its efficacy. This 
result, long known by experience, is contirmeti by theory. The gold exists in this bath in the state 
of perchloride Au^ CP ; therefore, there must be Uree equivalents of cojqnjr entering into dissolution 
for tm equivalents of gold precipitated, in order that nocldorine may bo set free. An attempt wag 
next made to dissolve the chloride of gold in sulphuric ether, with results slightly more satisfactory. 
Macquer,in his Dictionnaire do Chiraie, proposed to employ an alkaline solution instead of thoaedd 
one. This was the first step in a practical direction. Proust, Pelhdier, nn<l Duportal, were jpcrfcctly 
successful in an attempt to gild copper with a solution of chloride of g<dd in carbonate of potash. 
This method was improved by Elkington, who patented his invention in 183(5. 

Elkington’s method, which was the only one employed for some years, consists of the following 
processes ; — 

In an iron vessel, gilded on the inside by boiling an old bath in it, this mixture was placed and 
made to boll, 

Bicarl)onatc of potasli 0 kilogrammes. 

Chloride of gold 210 gmimues. 

Water lU litres. 


The boiling was continued for at least two hours, the water licing renewal as it c vapors t<xl. At 
the expiration of this time, a f>ortion of the gold has been precipitated under the form of a purplish 
black powder. The whole is then loft to cool and decanted. A second boiling is requisite render 
the bath fit for use ; it is then of greenish colour. 

When baths for gilding by simple immersion in an alkaline solution wer^j first invcnt<'<l, tho 
reaction which takes place was explained in various ways. It was even assertetl that tho porchlori<lo 
of gold was transformed into prtitochloride under the influence of certain organic mutters, such ns 
saw-dust, capable of reducing gold. It was easy to refute this opinion, for articles which have not 
been dried may be gilded as well as those which have btxin drii-d by saw-dust. 

M, Barral has propounded a theory which seems to explain facts in a mtional mnnm'r. H(j 
shows that in a bicarbonate bath two equivalents of copj>er are dissolved while two equivalents of 
gold are deposited. Further, he has proved that in a bath absolutely exhausted, wo shall find 
chloride of potassium and chlorate of j)otash instead of bicarlxuiatt^. M. Barral thinks, then'fore, 
that for two equivalents of gold precipitated, there are tliree otjuivalents of chlf>rine set free. Tao 
of these three ecjuivalents form chloride of copper at the cxpiaifs; of the ohj«*ct iinm«‘rs«Hl, and one 
(sjuivalent seizes upon the potash. To represent this reaction, we may, therefore, write tho formula 
3 Au* Cl* + 6 KO -f 6 Cu = 3 Cu* Cl-f 5 CIK -f CIO* K 4- 3 Au». 

Or if we admit the formation of bichloride of cop|)er, we sliall have 

6 Au» CV 4- 12 Cu 4- 6 KO = 12 Cu Cl + 5 CIK 4- CIO* KO 4- 0 Au*. 


The latter reaction is the more probable, on account of the grc«nish blue tint which tho liquid 
assumes. 

The whole of the gold contained in this bath cannot bo utilizo<l. We must stoj) wlien a third or 
at most a half of the gold in iKjlution has is-en dcfiositeil. This di'fiK^t ad(h?d to that of giving g^Ksl 
results only when the bath is very much concentrated, has led to tho nearly general reJe<ctiou of this 
kind of bath. 

Roseieurs Proem . — This process is now employed almost to the? exclusion of all others. Tho 
inventor, M. Alfred Koseleur, to whose laNmrs mrwt of the progress hitherto miwle in this art is due, 
has furnished us with mmc practical details, which have l^n tested by our own cx{Kirioiice. 

The best bath is composed of 

Distilled water 10 litres. 

Pyrophosphate of soda 800 grammes. 

Cyanhydric acid 8 „ 

Chloride of gold 20 „ 


This quantity of chloride of gold represents 10 mmmos of gold treated by the aqua regalis. 
To prepftfe this bath, heat 9 litres of distilled water, into which pour slowly, stirring at tho 
same time with a glass rod, 800 grammes of pyrophosphate. When tho salt is oompletely dlssoivod, 
filter the liquid and leave to cooL IMace in a glass vessel 


10 

30 


graomics of virgin gold ; 

„ of pure hydnx^hlorlc acid ; 

„ of pure nitric acid 
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Heat slightly tintil red vapours are evolved. Then allow the solution to take place, which will 
g^e a deop yellow liquid; cvajwrate tliis li<iuid until it has reached the cousistence of sirup, 
^on Buiiiciontly evaporated, the liquid will throw off no perceptible vapours, and it will be of a 
dark crimson colour. 

Dissolve the chloride of gold in distilled water, and filter. This illtmtion serves to separate the 
chloride of silver which has neon formed, owing to the presence of a small quantity of silver, which 
the purest gold of commerce always contains. Tlic filter must l>e washed several times to take 
away all the chloride of gold, and the tetnth litre of liquid completed with distilled water. Pour 
the chloride of gold thus placwl in solution into the solutioD of pyrophosphate to which prussic 
acid has been arlded. This latter acid is not indispensable, but it roiidf-rs the action of the bath 
regular. The lliuid should lx.* col<>url(3ss; if it has a violaceous tint, it is brx^ause too small a 
quantity of cyanhydric ac'id has bt^eii used. This acid must be added with caution, fra an excess 
of it would render the plating ini|>osHii)lo without the aid of a battery. 

A bath prt'parwl in the iinmTu^r described aliove, gives a very gofxi yellow ydating upon copper 
or bmss articles chtanod by the pn)C<‘S8(*8 already explained. It may be usixl also to gild silver. For 
tins pnrpo.se, the pro|x>rtion of cyanhydric acid must be slightly increased, and the articles boiled 
for al>out half an hour in the li(]uid so obtained. The thickness of the layer may be increased by 
moving the nrtieb's with a copper or zinc rod. 

Tlie gililing of copj»or may, by this methfKl, ncqniro a certain thickness, if the article bo dipped 
intf) a very weak snlutioii of nitrate of mercury before it is placed in the bath. By repeating this 
opnition several times, sf'veml successive layers 
of gold may be dejKwitt tl, for instead of the gilded 
sniTaee liaving no action on tlie bath, we (‘X|x>8e 
8iicc(*sHive]y a layer of mercury, wliioh is diswdvixl 
in th(3 bath, and is replac(xl on the surface of the 
object by a fresh quantity <if gold. 

In this way, by means of simple immersion, a 
plating may bo executed capable of rivalling that 
obtaim'd by means of the battery. 

Wlien taken from the bath, the articles aro 
well rinsfMl ami drie<l in hot sawmlust. If they 
are holl(»w, they mu.4 lx* <lried in a sbtvc lieatwl 
up to or 80 . Fig. ‘itutO re[>r(‘sents a small 
stove with a saw-dust Itox and metal sieves for 
Si^mrating the saw-<lust from small articles. Tin se 
artieliMi lx 'in g tor) small to be brnsheilnre some- 
times sifhxl to render tiieiu bright. Figs. ‘2t54o, 

2tMI, n present two of this kind of sieves. Tln ir 
arrangement and mode of acliou w ill Ik) seen by 
the figures. 




If H happen, which is but loo often the case, that on Indng taken out of the bath the plating is 
found to Ik) nnj)«rfi>ct, either on arvount of nccidenlsor on ao'ouut of having negb'ctt'ii some of tho 
pnxsautions wo haVo jx)intoil out, tho defoct may bo remedied by a proct^ss called by the French 


This consists in covering the defective articles witli a mixture of the following salts dissolved in 
thoir water of crystallization : — 

Bulphato of iron 
Bnlphato of zino 

#• Alum 

Aaotato of potash 


\ Equal ports, 
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The aitioles are then placed in a ojlindrioal fumnoe, Fij^. 2042 to 2644, having in the middle 
an empty space into which the heat radiates, and the heating is continued till tiie salts unde^ 
igneous fusion. The articles are then plunged into water containing sulphuric acid. The salts are 
rapidly dissolved and the gilding appears with a beautiful warm and uniform tint. If there be 
parts too highly^ coloured they may be reduced by striking them with the long bristles of a brush, 
as represent^ m Fig. 2645. 


3642. 2643. 2644. 



The al*ove process cannot bo employed on verj' fragile articles; the only rcmetly in this 
being the battery. 

Such is the method of gilding hy immersion adopltvl by nearly all gilders. It is esfxH’iallv 
adapted to small articles of jewellery, but it may he employed for larger objects renjuiring a rich 
gilding. Skilful oi»cnitors gild daily thousands of articles by this methrxl, equal in appearance 
and solidity to those gilded by the electric proce.ss. 

If we compare Roseleur’s to Elkington’s Imth, we sec* at oneo the advantages of the ftinncsr. 
Dilution in the one, concentration in tlio other; rapidity in tl»e fornn-r. loss nf time in the latter ; 
ability to use nearly all the gold in the pyrophosjdiate bath, inability to nw* more than half the gold 
contained in the bicarlwnate ; the possibility of dejswiting at pl«i>ure a small or a larger ipiantity 
of gold with the one, much narrower restrictions with the other. We say this, not to detract from 
the merit of the famous English inventor, who was the first to discover a really practical procosa, 
but to show the advantages otfered by the new nn thrMl. 

With the pyrophosphate bath we may, if we choost*. deposit only 0*50 gramme* of gold U|)on a 
kilogramme of jewellery. Small as this quantity is, it is to<» Innre for soimt manufacturers who 
desire only the appearance of gold. The following bath will satisfy them ; — 

Water 10 litres. 

Ilicnrlionato of potash 200 grammes. 

Caustic potash 1 '800 kilognnnme. 

(!yanido of potassium 00 grammes. 

Chloride of gold 20 grammes. 

This will give a very light, but suATieiently adhesive gilding. 

Oildiruj Alufninium hy the JHpjnwj fss , — A process invented by M. Maiche for gilding alu- 

minium, if not of gTc*at practical value, riossesses interest from a Hcicmtific js)int of view 

The bath which he uses is formed of 

Gold transformed into ammoniarct .. 10 grammes. 

Cyanide of potassium 20 „ 

Distilled water 10 litres. 

Tins bath used cold gives an arlhcsive gilding upon alnminium. The aluminium must bo 
cleansed and rubbed with pounce before it is put into the bath. 

SHter Plating by the Method of JHppimj. — The oldest methori of silvering is by lioiling. By this 
means an exceedingly small quantity of silver might be deposited upon copper. The (ollowing is 
the commonest formula 


Silver, or chloride of silver 30 grammes. 

Powdered cream of tartar 2*50 „ 

Seasalt 2*50 „ 


This is made into a paste and kepi in an opaque vessel for use. The articles are placed in a 
kind of basin pierced with holes, and plunged into boiling water contained in the lower basin, Fig<*( 
2646, to which several spoonfuls of the silver paste have been added. The surfaces of the artiolea 
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are afterwards brightened by means of the sieve, for this kind of silvering is too slight to bear 
brushing. 

A somewhat thicker plating may be obtained by means of the following solution 

Distilled water .. 5 grammes. 

Caustic iK)ta8h . . .. 1(1*3 „ 

Bicarbonate of potash 100 „ 

Cyanide of potassium 00 „ 

Azotate of silver . . 20 „ 


This batli is employed chiefly for articles 
used in carriage building. 

All Imths of double cyanide of silver and 
of fK)ta8Mium whiten copi>er, even when cold, 
when they have a great excess of cyanide 
of (KUassium. To make true silvering baths 
of them, they have only to bo raised to the 
temrs^niture of 70 ' or 80 ’. 

The following is one of tho formula; 
which give the best results ; — 

Water 20 litres. 

Cyanide of potassium flOO grammes. 

Azotate of silver .. 150 „ 

This bath gives a brilliant plating, but rather light, and is espf*eially adapted for those articles 
of jewellery which are too fragile to lK*ar hruHliin": the time of immersion should be only a few 
seconds. 'J'he cyanide of {)otnssium employiMl in this bath consists of about 65 per cent, of real 
cyanide and 515 per cent, of carljonate of {M>tash. 

i<ihrrno) with ifw <'ohi Uiith . — This methfxl, which is comparatively seldom employed, gives tho 
wbit(‘.Ht and the nu»Kt nnelmngeable plating, and i.s the most ('eonomical. It is not suitable for very 
tbi(*k «le|H»aits, but it gives excellent results when only a thin or a moderate thickness of plating is 
riNjuirnl. 

3*his proces.<», invented nearly twenty years ago by M. Rostdeur, and exclusively employed by 
him, is as yet hartlly known to siivoivrs. We, therefore, deem it useful to enter into minuter 
details. 

A liquid bisulphite of soda is first pr('pare<l by pouring snlphurous acid into a concentrated 
solution of ('arlKtnate of soda until all theearlM»nic acid has been disjdaced by the sulphurous acid. 
Tim liquid should be sliglitly acid, and should redden slightly turnsole-blue j>aper. It should mark 
from 24 to 2b on the salinometcr. 

Having pn^pnred a solution of 1(K) grnmme.s of nitrate of silver in 1 litre of distillt‘d water, it 
is jM>ure<l gently into th(‘ bi.<^ulphite of hhIu, stirring at the same time to cause the white precipi- 
tate of sulphite (»f silver, which is formed by the contact of the two metals, to disapi>ear. Being 
flinsohM-tl in an excess sidjiliite of soda, this precipitate forms a double sulphite of «xla and 
silver, wliich eon>titutes '.be balli. 

By placing copper <»r bras> articles, previously clt'ansed, into this bath, wo may obtain, accord- 
ing to tlm timt' of immersion ; — 

1. A e«Miting as light as we w i>h, and jHTfectly white and bright. An immersion of a few 
Bt‘Conds is sutlieient for this pur|K>se. 

2. A m<*re mdid plating, such as is rtHjuired for jewellery. A quarter of an hour is sujficicnt to 
pr<Mluee this result. 

2 A dull plating, equal to that prtxluei'il by*thc battery, for all articles which do not require a 
very thick dejKwit, 

'I’be l»atb must Ik* kept up by adding altomahdy salts of silver and bisulphite of soda, taking 
care to put into the bath as much salts of sdver as it «iu easily dis.solve. A dej>osit is gnulually 
fornud t>n the Is^toin and the sides of the vessel; this deposit must be nmoveil from time to time 
by jM»uring oll‘tbe lii|uid. 

Wh it we have said above with respt*ct to the obtaining, within a certain limit, any thickness of 
coating, ikmuiih to contradict the theory which we have already given. But we have iu the case of 
the bisulphite l>ath a doulde phenomenon. At first the de]K>sit is etTeoted by tho ordinary reaction 
— that is, one iHpiivalent of C(qqK*r is substituted for one equivalent of silver in the solution, whilst 
one eijuivalent of silver retluc<*d to the metallic state affixes itself to the cojqH*r article. But, 
bf^sidos this action, another is proiluced, due hi the s}H*cial comiiosition of the hath, and iu virtue 
of which the action of depositing is continued. We have, in fact, brought together sulphite of 
BCKla and sulphite of oxide of silvi'r, or, for this lattt‘r, sulphurous acid, oxygen, and silver. But 
silver has little affinity fiir sulphurous acid and oxygen ; sulphurous ai'id*, on the contrary, has 
gnwt affinity oxvgen, and has a tendency to transform itself into sulphuric acid. We may, 
thertifore, naturally admit that the silver of the sulphite of silver is dqiosited in a metallic state 
u|K»n the objects, and that the sulphurous acid of this substance oombinos with the oxygen to form 
aulphtiric a«*id, and, oonsoquently, sulphate of mHla. 

This fact may be represented* by tho following formula; — 

SO* NaO, SO* AgO = SO* NaO + SO* + Ag. 

It is difficult to explain, except by the love of nmtine, why this kind of batii, the advantages of 
^ which are so obvious, has not wH*n more generally adopUd, KtHpiiring no heating, besides the 
^ sav ing thereby effected, it is always ready for use, and is not restricted by the size of the vessel, as 
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in the caee of hot baths. The battery is not required, and the weight of the silver deposited is 
always proportional to the time of immersion, a fact which enables us to C4ilculate exactly the value 
of the plating. Again, bisulphite of soda is a harmless and a not very costly article. 

Tinnimj by the Method of JHppmy. — A hot solution of 300 grammes of alum and 10 grammes of 
protochloride of tin in 20 litres of water gives a bath by means of which a very light de]X)sit of tin 
may be made ujx)n iron and zinc. This mere pellicle is incapable of preserving the metal from 
oxiclation, and is used only for the commonest objects or ns a complement to the cleansing before 
immersion in other baths. Large quantities of hooks ami eyes are tinned by this process. 

Antimony Platiny by the iHpyin'f Process, — Antimony is firmly de})osited ujKin copper and its 
alloys, without tlie aid of a battery, in a bath com|)ost‘d of— water, 10 litres, oxiehloride of anti- 
mony, 20 grammes. The liquid should bo slightly acidulated by means of Ijydrochloric acid, and 
used boiling. In this bath articles are in a few minutes covered with a beautiful coating of 
antimony. 

Copperinf! Zinc by the Pippin;] Process. — Zinc which is to be gilded must first be covere 1 with a 
tolerably thick coating of copper. For this operation, recourse is had to two baths which are suc- 
cessively employed. The first, with a cyanide of potn.^sium bast*, is used with a voltaic battt‘ry, 
and the article receives in tliis first bath a sufficit'nt ct>ating of copper to preserve it from tin* acid 
action of the second, whicli is an acid solution of sulpliate of copper also u.s(*d with the battery. 

The cyanide of potassium bath is too expensive relativt*Iy to the low prict* t>f thearticl(*s manu- 
factured, and therefore much is to l>e gnineil by substituting a dipping liath for tho cyanide of 
potassium ami the electric baths. The following is suitable for thi.s pur|)osc ; — 

A quantity of cyanhydric acid, sufficient to produce saturation, is applhul tr> common ammonia 
at 22^, and into the liquid thus obtaints;! an ammoniacal solution of any wilt of c«>pper is |K>ured. 
By this means a double cyanide of copjH'r and ammonium is fonm*d very suitabh* f(»r cop|M?ririg 
zinc on the condition that it always remain highly alkaline. Tho following pro|)ortious give tho 
best results •— 


Liquid cyanide of ammonium 1 kilf»grammc. 

Distilled watrr 20 litr<‘.s. 

Acetah? of copjK'r 200 grammes. 

Ammonia 22 100 „ 


The plating thus obtainenl is of a beautiful light re<l colour and remarkably adh(*sive. 

Iron by thr Pippin;] Prnress. — Iron wire and certain small urticU*s are soimdimcs cop- 
pered by this process. It consi.sts in immersing the nrtiele.s mpidly in an acid -a weak solution of 
sulphate of copper. A very thin coating of copper is thus dejs^sitctl, to which thc» draw-plate 
gives a little more adhf?sion and brightnc'ss. If tlie immersion were not ma«lo mpidly tlw^ iron 
would 1x5 actefl uivm by the acid of the bath, and the coppt-r would be r*tluced under tlie form of 
a brownijih rc-d mud having no adhesive quality. 

Mctnllic Pcpjsits by Jhubie Afinity. — W<* denote by this tenn those deposits which are elTcctofl 
in certain liquids in the prc.seiicc of two metals, one of which suKstitutes itst‘lf fiir the metal 
in solution, whilst toe other n-ceives the d<q»o.sit of the raotal which wa.s primitively in solution. 

There is really a galvanic action re.sulting from tho crmtact of two metals in a liquid which 
exerts a chemical action u|X)n them, but in tho majority of cascH a Hp'cial phcrimiienon Het‘m.s to 1x5 
produced of a nature more particularly chemical, for tho weights of the m(*tal dUswlved and of tho 
metal deposited an^ not in equival<?nt atomic prfqxudifuis. 

Nearly all baths by simple immersion act more rapidly w'hcn a piece of zinc is plunged into it 
simnltan^usly with the object to be plat<*<l and in contact witli this laibT, On tlif^ other hand, 
nearly all galvanic Imths give a m<‘tallic de|x>Mit in the siime conditions, only this de^Kwit is slow. 
Two processes only — RoseleuFs method of tinning, and Wei IPs meth'sl of c*»pp<?ring — offer real 
advantages and are thoroughly pra^’tical. 

WeiiCs Method of Copjieriny. — This princess enables iis Ut obtain, without Inmting, an adhesive 
deposit of copjKir upon iron and «b el by immersing it in an nlkaliiKMirganic l>alh in contact with 
zinc. The Imth is cnmf>o.sod of a wilt of copjier, held in solution in caustio wsla, by the pre- 
wmcc* of an organic matter, such as tartaric acid, double tartrate of wxla and ftotiish, giyoerino or 
albumen. 

Experience has shown that the following propf>rtion.«» give tho lic*st results;- 


Sulphate of copper 3i>0 

Si igmdte’s salt l.W 

Cau.stic wsla 8()0 


which correspond to two €f|uival(.‘iits of tartaric acid for one i*quivalent of salt of copper. 

By dipping successively the liaser inet.ils into this solution, we obtain various results, which 
may be summed up in the three following oljw*rvations 

1. The metals whose oxides are insoluble iu caustic soda are piabyd only by means of the 
contact with zinc. 

2. The metals whose oxides are soluble in the fixcsl alkali, and which form only one salifiable 
oxide, are covered with a very thin coating, which d<x)s not increases with the time of immersion. 

3. The metals which may form w;veral salifiable oxidem, sohiblo in tho fixed alkali, do not 
becfime plated in tho solution, and they dcxvanfioiMf it in contact with zinc, giving a precipitate of 
protoxide of copper. 

The practical conclusion from thewj observations is that the really impriant application of 
the bath in question consists in dep»^witing, by contact with zinc upon iron md stool, an adhesive 
rating of copper, of good tjuality and varying in thickness acconling to the time of immersion. « 
The thickness of this coating may, in cose of need, be increased iu the galvauio baih| fbr ^e ^ 
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metal is eiiffloie&tly proteoted against the action of the sulphnrio acid by this first coating of 
or. 


The cleansing of iron is accomplished in the same way for this bath as for others ; it is worthy 

remark, however, that the cleansing is completed in the bath itself, for the oxide of iron is 
soluble in the alkalino-organio solution. 

The time of immersion varies, 3 to 72 hours. The bath is kept up simply with sulphate of 
copper and, from time to time, with caustic soda. The Seignette’s salt is not decomposed, and 
remains in the bath almost indefinitely. 

By varying the respective proportions of salt of copper end of double tartrate of soda and 
potash, so as to have only one gramme of tartaric acid to one gramme of salt of copper, we obtain, 
no longer a good plating, but a series of very curious and permanent colorations which are pro- 
duced always in the same order, namely, orange, white, light yellow, deep yellow, crimson, green. 
If the immersion is continuctl after the green has been produced, the metal assumes a brownish 
appearance, not pleasing to the eye. These various ordourings may be utilized in the decoration 
of cast-iron objects now extensively used in architectural ornamentation, as they resist sufficiently 
atmospheric agents. 

The alkalino-organic bath dissolves various metallic oxides, and gives deposits of metals 
other than cx)pper. The action of baths compounded with various oxides is summed up in the follow- 
ing lines taken from the Annalcs de Physique et de Chimie ; — “ The metals of the metallic oxides 
of the formula m* O*, which are at the same time susceptible of forming a salifiable protoxide, are 
capable of being precipitated uwn copper from their alkalino-organic solution in contact with 
zinc and under the influence of heat, a phenomenon which is tlicn acc/>mpanied by a liberation of 
hydrogen ; the analogous metals which form onlv one salifiable sesquioxide, such as alumina and 
oxide of chrome, are not. Copper is directly reduced from its alkalino-organic solutions by iron, 
steel, and so on, under the form of an adhesive coating, in contact with zinc and at the ordinary 
temperature. Under the inflnenc^e of heat these metals receive, on the contrary, only various 
colorations which will not resist the action of the brush.” 

(Galvanic action undoubtedly plays an important part in copper-plating; but it seems clear 
that it is also due in part to a more specially chemical action, for zinc itself becomes plated with 
copper, and the decomposing action is continued none the less. Again, a very small quantity of 
zinc and a few points of contact are sufficient to enable the deposit to be effected in good con- 
dition. And the quantity of zinc dissolved is far from being proportional to that of the copper 
deposited. 

Tmniinj by Doulfle Affinity. — Hoseieur and Bmtrher^s Process. — This process, which was patented 
a few years ago by the inventors, gives remarkably good results, and is now widely employed. It 
is used espocially in the manufacture of kitchen utensils, hooks and eyes, pins, and so on. A 
medal, 80 centimetres in diameter, representing the Emperor No[K)loon III., and tinned by this 
process, was exhibited in the Paris Exhibition of 1807, and such was the perfection of this tin- 
plating that many visitors took it for silver. An idea of the efficacy of this deposit in protecting 
irrm may b<i gathered from the fact that several articles, tinned by this process, which had gained 
a Prize Bledal in London in 1862, were again exhibit^ in Paris in 1807 without having been 
touched in the meantime. 

Wo will give a description of the process in the words of the inventor : — “ The bath may vary 
grcratly in its composition ; but the following two formula attain the object rapidlv and surely. 
We much prefer the second, however, which offers the single objection of being based on the 
employment of a salt that all manufacturers do not 

always obtain from a very regular composition. R ^7. 

** First formula ; — 


Distilled water ,. .. 300 litres. 

Cream of tartar •• .. 3 kilogrammes. 

Protochloride of tin .. 800 graces. 

The whole being dissolved gives a colourless solution, 
but with a strongly acid reaction, which constitutes 
the )>ath. 

** Second formula; — 


Distil od water .. .. 

P]nropho8phate of potash 
Acid protochlorido of tin 
The same, dissolved . . 


300 litres. 

6 kilogrammes. 
600 mmmes. 

2 * 400 Jdlogrammes. 


The whole is dissolved at the same time upon a metal 
sieve, and after being shaken there remains a clear 
liquid which is the bath. 

**One of these solutions Is placed in a cask staved 
in at the top, and of sufficient capacity. This cask, 
Fig. 2647, receives in the lateral part of its base, but 
at different heights, the two pipes of a small metal 
boiler fixed over a furnace beneath the bottom of the 



vat ; the pipe A which is on a level with the bottom 

of the em reaehec, at its other end, nearly to the bottom of the holler ; the pipe B, on the contrary, 
the one which entm the vat higher up, at 6 or 8 ooutim^tres from the bottom, comes from the top 
of the boUer. Thie btdler hM « thlrf pipe to 8 which eeme to protect the wOTtanen from m 
4^k>sion, in case there were an obstruotm in the pipes commu n ic ating with the ow and the 
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boiler. It will be seen that the things being thns arranged, and the liquid filling both the vat and 
the Mler, if we heat the latter, the liquid which it contains being expanded oy the heat, will 
become lighter and will ascend to the top of the Tat by the pipe which enters highest into it, but 
at the same time the yaouum will be filled with an equal quantity of cold, and consequently heavier 
liquid, which will enter from the vat into the boiler by the pipe which is inserted at the bottom 
of the latter. By this means a continual circulating motion is kept up which will constantly 
bring the coldest portions into the boiler, while the hottest are driven out by virtue of their less 
density. This method is not designed merely to heat the liquid, but to keep the bath in a state 
of continual aptation, and to renew as they become exhausted the portions of the liquid which 
touch the articles to be tinned. 

** When it is required to tin large articles, such as cnlinarv utensils, for example, thejr may, 
after being cleansed and rinsed, be thrown careless into the bath with some fragments of zinc, or, 
better still, with some spirals of this metal ; these latter injure less by their contact the articles 
to be tinned. When, on the contrary, the articles are very small, such as ^ins, hooks, tacks, and 
so on, they are arranged in beds of 2 or 3 centimetres thick upon pieces of zinc pierced with small 
holes to allow the passage of the liquid, and provided with a rim to prevent the articles from 
rolling off. These pieces are let down into the bath by means of numbered chains, in order that 
they may be puUra out in the opposite direction. These pieces of zinc must be cleaned 
occasionally. 

The time of the operation may vary from one hour to three, after which the whole is taken 
out to introduce into the bath 250 grammes of pyrophosphate, and the same quantity of dissolved 
piotockloride of tin. While these salts are being dissolved, the larger articles are brushed, and 
the smaller moved by means of an iron fork to change the points of contact ; the whole is again 
placed in the bath for at least two hours. These two successive immersions and this minimum 
time are necessary to give a good tinning. It only remains now to brush the larger objects again, 
if they are required to be b^ht, and to sift the smaller ones, and to dry the whole in veiy hot 
and diy pine saw-dust 

If it be observed that the deposit of t^ though abundant, is grey and dull, the bath must be 
charged once or twice with acid protochloride of tin ; if, on the contrary, the deposit is very white, 
but puffy and of no adhesion or thickness, the acid salt must be suppressed and replaced by 
drawing off. In this case also, the quantity of salt of tin may be diminished, and that of the 
pyrophosphate increased. 

When a bath has been used for a long time, it must bo drawn off to separate from it the 
pyrophosphate of zinc which has been form^. When after some years it is quite worn out in 
consequence of an alteration of the salts, it may be put aside to keep articles in which have been 
cleans.’* 

Gaivanic Deposits in Thin Cooting $, — We come now to that part of the art of coating the baser 
metals which, whether we consider the wonderful variety of its productions, or the immense 
quantity of articles it furnishes to commerce, is by far the most important. Gold and silver 
plating are the most usual of these metallic depewits ; and it will l>e found interesting to examine 
the successive transformations which have led ibis art to the degree of perfection in which it now 
is, and beyond which it seems impossible to to. 

Hardly had Volta invented the admirable instrument which has rcnderoil him famous, when 
it was att^pted to apply the battery to the decomposition of metallic solutions. Volta himself, 
Nicholson, and Cruikshank had applied the battery to the precipitation of metals, but without 
think^ of obtaininp; them in the special state which constitutes the qualities of a good metallio 
depewit. The deposits which they obtained were pulverulent, lamellate or crystallized, but not 
eontinuons or adhesive layers. 

Brugnatelli, a pupil of Volta’s, afterwards his colleague in the University of Pavia, was the 
first to obtain, in 1802, a deposit of gold and silver offeriug the aspect of a rc^gular and uniform 
layer, such as is required for gold and silver plating. Brugnatelli even sncoeiHliHl in depositing 
platina ; but this metal was r^uced to the state of a very fine powder, which required motion to 
give it brightness and adhesion. 

The solutions employed by Brugnatelli were alknlinc ; they consisted of ammoniarets of gold, 
silver, or platina, that is, the product obtained by treating the chlorides of gold and platina, or the 
azotate of silver, by ammonia. There is much obscurity in the descriptions of BrugnaUdli, but 
according to the Journal de Physique et Cbimie of Van Mens, his method was os follows ; — 

**The most expeditious method of reducing, by means of the V>atiery, dissolved metallic oxides, 
is to make use of their ammoniarets : by placing the ends of twr> conducting wires of platina into 
ammoniaret of mercury, the wire of the negative pole speedily becomes oove^ with anaiali particles 
of this metal.” 

** I have recently gilded,” says the same chemist In another ioumal, “ in a most perfect manner, 
two large silver medals, by putting them in communication by means of a steel wire with the 
negative pole iff a voltaic Mttery, holding them one after the othW in ammoniarets of gold recently 
prerared.^ . . . 

MM. Barral, Chevalier, md Henri, tried to reproduce Bmgnatelli's operation bv following his 
descnptionB, but with very imperfect results, the nature of the dissolvent employed by the learned 
Italian not being known. But as there is nothing to lead us to suppose that Brugnatelli wished 
to envelop the subject in mystery, we are induced to suppose that tnis dissolvent was the liquid 
itself in which the ammoniaret was precipitated. And, in fact, if we take a solution of gold in 
aoua regalis, and if, without evaporating it to got rid of the excess of acid, we pour into it an exesaa 
of ammonia, we obtain the precipitate of ammoniaret of gold ; but this precipitate redissolves itself 
in pari, especiallv bv the a^ioti of heat, in the ammoniacal salts which have been formed. It is, 
therefore, probable that Brugnatelli’s soluliou was a double chloride of gold and ammonium, and 
not ammoniaret of gold. 

•% 
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The problem wee perhaps already solved from a soientiflo point of view ; but it was far from 
being solved practicalfvy and many years passed without any serious application Iwing made of it. 
AUength, in 1825, M. de la Bive, of Geneva, resumed the experiments of BrugnateUl, and attempted 
to aeoompose chloride of gold by means of the battery. His efforts were unsuccessful, except in 
the case of platina, the omy metal that is not sensibly acted upon by the chlorine set free by the 
decomposition of the chloride of gold. It was not till 1840, that is, after the labours of M. Beoquerel 
in the matter of applying electro-chemical decompositions to the treatment of ore, that M. de la 
Bive realized the idea of employing the simple apparatus for the application of gold upon the other 
metals. The following is his process; — 

A very weak solution of gold is placed in a cylinder of gold-beater's skin, which cylinder is 
placed in a vase full of water acidulated by a few ^ps of sulphuric acid. In the outer vase is put 
a piece of zinc which communicates by a metallic wire with the object to be ^ded, the obj^ 
being placed in the cylinder of gold-beater’s skin. The solution of gold should be as neutral as 
possible, and a very weak current must be employed. Notwithstanding these precautions, the 
gilding is far from perfect, and the process is open to several objections, the chief of which are the 
slight adhesion of the gold, and the great loss of metal occasioned by the contact of the solution 
with the skin, and the endosmoso which is gradually effected through the membrane causing the 
gold to be precipitated upon the zinc. 

It becam necessarr, therefore, to discover a better method if galvanic gUding was to be made 
a useful art. Eisner showed that the defective adhesion was owing to the acidity of the auriferous 
liquid, and Boeder, profiting by these observations, succeeded in gilding in a double chloride of 
gold and potassium. 

But the complete solution of the problem and the first really practical application of electro- 
plating are due to Messrs. Elkington, of Birmingham. In Septeml^r, 1840, Henry Elkington took 
out a patent for nldin^ copper by means of a solution of oxide of gold in prussiate of potash. At 
first he employed the simple apparatus in the production of the ^vanic current. His apparatus 
differed from that of De la Bive’s in having a vase of porous ea^ instead of gold-beater’s skin. 
At the same time Bichard Elkington patented a methra of appljdng silver by means of the gal- 
vanic current and a solution of chloride of silver, in prussiate of pote^h. 

From this time electro-chemical gold and silver plating may be considered to have been dis- 
covered. M. de Buolz followed with the compoimd apparatus and a largo number of solutions, the 
chief of which are 

Cyanide of gold dissolved in simple cyanide of potassium. 

Cyanide of gold in yellow prussiate. 

Cvanide of gold in rod prussiate. 

Chloride of gold in the same cyanides. 

Sulphurct of gold in sulphurct of |x>tas8ium. 

M. de Buolz attempted also to deposit other metals, and succeeded in depositing brass by the 
electric process. 

If, therefore, the merit of having discovered electro-plating has been wrongly ascribed to M. do 
Buolz, since ho had been prectxicd ny several months by the Messrs. Elkinghm, wo should be doing 
him an injustic^c if we withhcUl from him the merit of having endeavour^ to improve and gene- 
ralize the processes of the English manufacturers. 

MM. Boselcur and Lanaux succecdoii in obtaining platina in adhesive coatings of any thickness, 
and M. Boseleur, bv applying phosphates and sulphites to the dissolution of various met^c oxides, 
rendered thoroughly practical most of the operations of electro-metallurgy. 

Many other chemists aidinl in bringing this In^autiful science to the present degree of perfec- 
tion ; but wo have said enough to give an idea of how it grew into existence. We will now consider 
the processes actually in use, prefi^g, however, a few words on the galvanic batteries most gene- 
rally employed. 

Batteries . — Almost every day wo hear of some mvenfor extolling the merits of a new pile endowed 
with every imaginable quality. Unfortunately, on testing this wonderful iiivcntiou, we find in 
well-nigh every case that no progress whatever has l>oen made, and this negative result is not sur- 
prising, for most of these preteudod inventors arc i^orant of the very rudiments of physics and 
chemistry. Though there is at the present time a largo number of batteries of various systems, 
three only, Bunsen’s, Smee’s modified, and Danieirs, are generally employed in electro-plating. 

Bunsen’s pile is emplnyod whenever a strong current is required. This pile is by far the most 
frequently uso^ notwitlistanding the objections to wliich it is o^n, and wliicm are. chiotiy, the cost 
of keeping it in working order, the employment of nitric acid which emits disagreeable nitrous 
vamurs, and the shortness of its duration. It is hardly m^ccssary to descrilio this tuitlerjf, whicli is 
well known. It will be seen tliat it is oomjiosed of an outer vessel of stone or porcelain, a zinc 
cylinder, a porous cylinder or cell, and a cylinder of carbon. Ordinary nitric acid is placed in the 
rarons cell, and in the outef cell or containing vessel, water acidulated w ith two or three hun- 
drodths of sulphuric acid, and containing a sut of meronry (1 or 2 {)cr cent.) for the purpose of 
amalgamating the zinc. 

The elements of the battery are connected by establishing a communication between the carbon 
of the first element or cell and the zinc of tho second, and so on with the whole. A zinc remains 
free at one end and a c^irbon at tlio opposite end ; the articles to be plattHl are put in communica- 
tion with tl ‘ ” 

8mee’s i ^ . . 

bpt more convenient and less expimsivo. , ^ . 

gutta-percha trough, having on tho inside three vertical grooves. In one of these grooves >]®h)rt 
^rbon is placed : the other two contain zinc. To put this battery in action, the vessel is filled 
Vttb water saturated with sea salt, or acidulated with a twentieth of sulphuric acid. Sometimes, 

* 4 T 2 
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especially in large apparatnaes, the carbon is omitted in favour of silvered and platinized plates of 
oopmr. 

Danicirs battery, which, by means of a bn^py modification, will give a constant current for 
BCYoral months without ^uiring any care. To put this battery in action, the porous and fee 
glass vessels are filled with water, and the outer vessel with acidulated water. This battery is 
especially suited for ^ding very small objects, such as watch-works, for example, and for all 
operations which require only a weak ciurrent. 

Finally, we have to call attention to a recent invention due to M. L^lanohd, and which is very 
satisfactory both as regards the duration and the regularity of the current. It consists of an outer 
glass vessel containing sand, chlorhydrate of ammonia, and a very small zinc cylinder ; and a 
porous vessel containing bioxide of manganese agglomerated by a gmnmy solution, in which is 
placed a copper rod. 

Galvanic Gilding , — Galvanic giltiing is accomplished both with and without heat: with heat for 
articles of small dimension^ such as jewellery and table services ; without heat for larger objects, 
such as clocks and chandeliers. 

It was long believed that gilding effected with heat was less resisting than that obtained with- 
out heat. The truth is, on the contrary, that with an equal quantity of gold the former is mu^ 
more solid than the latter. The fact of the former method being employed for small articles of 
little value, in which case small quantities of gold are used, caused the error to obtain credence. 
The following two formula) are those oftenest employed in gilding without heat 

Distilled water 3 litres. 

Pure cyanide of potassium 30 grammes. 

Virgin gold (as a chloride) 10 „ 

This bath is prepared by dissolving separately the chloride of gold very neutral and the cyanide 
of potassium, and then poiuing the former solution into the latter. This batli, especially when it 
has l>een recently prepakd, is a rather bad conductor ; and the second formula, wmch gives more 
regular results, is to preferred ; — 

Distilled water 3 litres. 

Pure cyanide of potassium 2.5 grammes. 

Carbonate of potash 100 „ 

Ammoniaret of gold from 10 „ of gold. 

The ammoniaret of gold is prepared by pouring an excess of pure ammonia into a solution of 
chloride of gold. The precipitate is collected upon a filter, washed, and W'ithout drying, fur this 
compound is explosive ; the filter is cast into the solu- 
tion of cyanide of potassium previously prepared; this 
is boiled an hour and filtered to take away the paper 
of the first filter. A sufficient quantity of water to 
make 10 litres is then added, and as soon as the bath 
is cold it may be used. 

Cold baths are usually placed in wooden troughs, 
lined with gutta-percha, and of the shape of those 
shown in Fig. 2648. The jmsitive pole is put in con- 
tact with a plate of gold or platina, while the nega- 
tive pole is in communication with a copper stand 
supporting the articles to be gilded. 

it sometimes happens that objects gUdod in the 
cold bath have an unsatisfactory colour ; this may be 
remedied by dipping the object into a solution of nitrate 
of mercury and sumecting it to the action of heat, or 
by rubbing over with boil^ borax, then heating it, and 
finally washing it in water acidulated with sulphurio 
acid. To avoid all chances of failure, recourse should 
be had to hot baths whenever practicable. 

The following two formula) give excellent results ; 
the second, however, is to be preferred on account of 
the regularity of its results, and also because it allows 
a very thin coating to be deposited, if such be desired, 
of a very beautiful appearance. 

First formula 

Distilled water 100 litres. 

Gold, as a chloride 180 grammes. 

Pure cyanide of potassium 800 „ 

Carbonate of potflMBh 150 „ 

Second formula;— 

Distilled water 10 litres. 

Phosphate of soda 500 grammes. 

Bisn5)hiteofsoda 150 „ 

Pure cyanide of potassium 10 „ 

Gold (as a chloride of gold) 10 „ 

ITiew baths are ^ployed nearly boiling and with anode of platina. They axe ka»l up by 
a^ing from time to tune a solution oomposod of 20 grammes of cyanide of potassium to 10 grauuaas 
of gold transformed into ammoniaret, the whole dis£dved in a litee of wato. ^ 
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Copper and its allo 3 r 8 , BQoh as bronze and brass, may be gilded in these baths. They serre 
^iqally well for silver and platina ; but for iron and steel the bath should be composed as follows 

Distilled water 10 litres. Phosphate of soda .. .. 1200 grammes. 

Gold (as a chloride of gold) 20 grammes. Bisulphite of soda .. .. 1200 „ 

Cyanide of potassium .. .. 10 

It is better to copper the objects before placing them in the bath. Tin, lead, and zinc, should 
also be coppered, alkaline baths being employed for that purpose. Aluminium, on the contrary, 
requires an acid bath of sulphate of cop{)cr. It is obvious that however perfect the method of gild- 
ing which we have been describing may be, it requires, in certain case^ precautions or particular 
arrangements for g^ding certain objects. 

In this way the arrangement r^resonted in Fig. 2649 is employed in the manufacture of fine 
silyer wire or ^ded copper wire. This wire is used in the maniuaoture of lace, and constitutes an 

3640. 



important branch of industry, carried on chiefly at I^yons. The operation will be understood from 
the following dc^ription of Fig. 2019 ; — A. the furnace ; B. onamelltxl cast-iron boiler; C, spindle 
supporting the bobbins ; D, coi>per rod establishing communication between the wires and tho 
negative pole; E, ivory or porcelain rollers; G, platina wires serving as anodes; H, false bobbins; 
I, vats containing one a solution of eyanido, the other water for rinsing the wire; K, rollers covered 
with old calioo to wipe the wire ; 1 a heated tube in which the wire is dried ; hi, bobbins set in 
motion by the crank N, end designed to receive the gildc<l wire. 

After being gilded, the wire is passed through the draw-plate or through tho rolling mill, 
acconting as it is rei]uired to be round or flat. 

The gilding of watch-works also needs special preparations. For the details of this operation, 
which is carried on chiefly in Switzerland awl in the Jura, we refer our n julers to the excellent 
work of M. Koselcur. entitled Manipulations Hydroplastiques. We will merely remark that the pre- 
paration consists of a silver-plating ctdlod grainage, which gives the objects a slightly dull, but 
very pleasing appearance. 

Tuis silvering is acoomplishod by applying to the objects, with a hard brush, the following 
mixture ;— 

Silver powder 30 grammes, 

Soa salt 400 „ 

Cream of tartar 120 „ 

This formnla is one of those employed by M. Pinairc, of Bosan^nn. The articles arc afterwards 
gilded in tho ordinary bath. At raris this kind of gilding is executed with great perfoctiou by 
M. Bressoud. 

In bringing to an end our remarks on electro-plating, wo have to mention a process of gilding 
which partakes at once of tho methods of plating by mercury and by the l>attery. This process,' 
which obtained a first prize in the Paris Exhibition of 1867, is due to M. Dufresue. 

Gilding by means of mercury is, as is well known, injurious to the health of the workmen, 
because they are continually exposed to the action of the mercurial vapours. Indeed, to obtain an 
equal thickness and a uniform appearance, tho workman is obliged to turn tho objtHjt about over the 
fire to drive ofi^ the mercury by volatilization, and to striko it in all directions with the brush. The 
oonsoauonoe of this is that, in spite of tho improved draught introduced by M. Daroet, largo 
quantities of mercurial vapours are absorbed by tno men. 

Again, in certain cases it is found that the electro-plating is not sufficiently thick and wlid, and 
feoottrse must be had to mercury. In these cases M. Dufresne’s process is serviceable ; it may be 
described ae follows;— A neutnd ba^ of mercury is prepared t>y means of nitrate of mercury 
n^tralized by carbonate c^soda, and containing cyanide of potassium, and in this bath the objects 
ilire subjected to the action of the galvanic battery. They are soon covered with a thick coating of 
aaeicory. A thick coating of gold having been deposits on them by the usual moons, they are 
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•gttln placed in the solution of meronr^. The merenry is then eyaporated by the aetioii of heat, 
without the aesistanoe of the brush as in the ordinary ease of gilding by mercury. ^ 

This process offers some advantages from a hymenic point of view, though it becomes neoesmi^ 
to proceed in the usual manner to equalize the gUaing when a thick plating is i^uired. But it is 
astonishing that this discovery shoidd have obtained a first prize on account of its novelty. If the 
jury had consisted of Frenchmen only, the fact would have been less surprising, for excess of 
patriotism often leads them to doubt concerning progress which has not been made in Franco, and 
Keeps them ignorant of what other peoples are aoing, but that an international jurv should have 
awarded the highest possible reward, in 1867, to a discovery described at len^h in the Annales de 
Chimie, of St. Petersburg, as long ago as 1851, is really astounding. The whole of the interior of St. 
Saviour’s Cathedral at Moscow was gilded in 1851, under the diction of the Duke de Louchtem* 
berg, who at that time presided over the Galvanic Institute of St. Petersburg. We have to add, 
however, that M. Dufresne has renounced an exclusive right to his process. 

Electroiyping has been gradually encroaching upon the process of stereotyping, end has almost 
superseded that process in America. The plan adopted is similar to that of copying woodouU^ 
namely, to lay a sheet of softened gutta-percha upon the surface of the page of typo, and subject it 
to increasing pressure until it is cold ; the gutta-{>crcha copy is then removed, and treated as in 
copving woc» engravings. It would be advisable to try a somewhat softer material for this purpose, 
such as the mixture of gutta-percha and marine glue. This material takes a sharper and smoother 
impression than gutta-percha alone, and the deposit spreads over it more rapidly ; and, being softer, 
it would enter more freely and with less prcssiue between the fine lines of the letters, and still not 
bo sufficiently soft to enter the minute crevices between the body of the ty{>es. If a solution of 
grape-sugar (as used in Drayton’s patent process for silvering glass), aldehyde, or other reducing 
agent, was substituted for the phosphorus solution, for reducing the silver u}K>n the surface of the 
mould, it would be an advantage, as, l)esides the dangerous character of the phosphorus, it luw an 
offensive odour, and the copper deposited upon surfaces pre|)nrcd by it, moreover, is invariably brittle. 

The mould may also be prepared for a de|K)sit by blacldeading ; it will require a first-rate quality 
of blacldead, and prolonged and attentive brushing, but will then afford a g(XKl result. The air- 
bnbbles may be removal when the mould is in the !iqni(h by directing a pr>werful upward current 
of the liquid against them by means of a vulcanized india-rubber bladder, with a long and curved 
glass tuM with a fine orifice attached to it ; but the liquid should be free from sediment. 

The advantages of electrotyping over stereotyping are numerous ; the metal is harder, takes a 
sharper impression of the moul^ &ud delivers the iuk much more readily than type metal, Is^sides 
being a cleaner process ; it also takes up less ink, and conset^ucntly the printed pages dry moro 
quickly. Both woodcuts and letter-press have also been copied in plaster of I’aris, and the depu«dt 
of copper formed upon that ; but this material is mnch inferior to gutta-percha for the process. 

I^ and steel wire may be coated with an adhesive deposit of copper, by first immersing them, 
with their surfaces perfectly clean, in the cyanide coppering liquid, and completing the depsiit in 
the ordinary sulphate solution. The coils should be Kept separate from each other in the liquid by 
suspending them upon a horizontal brass rod, turning it occasionally to cause a uniform de{)Osit. 
Iron screws and nails may be treated in a similar manner, except that they should be contained in 
a wicker basket, which is shook about occasionally to proauce a uniform deposit 

Copying Daguerreotype Pictures, — An interesting application of the deposition of copper, and one 
of the easiest to be effected, is that of copying daguerreotype pictures. First solder a wire to the 
back of the plate near the edge ; varnish the back and edges, and allow it to dry ; hang it in a clitan 
sulphate of copper solution, which is perfectly free from dust or pease on its surface ; and in the 
course of twenty or thirty hours the deposit will be sufficiently thick to be removed. 

The invention of £. A. Jaoquin has for its object the preparing of printing surfaces, so as to gtvo 
^em the property of jrielding a greater number of impressions than they are callable of yielding 
in their ordinpy state. And the invention consists in covering the printing surfaces, whether 
intaglio or relief and whether of copper or other soft metal, with a very thin and uniform coating 
of steel by means of electro-metallurgical processes. This invention is applicable whether the 
device to be printed from be produced by engraving by hand, or by machinery, or by chemical means, 
and whether the surface printed from be the original or an electrotype surface prrauced therefrom. 

In carrying out the invention the solutions of iron employed may be varied, and such is the case 
in respect to the arrangement of galvanic batteir or other source of electric currents used. 

It is important that a ferric solution should he employed which will not dissolve or corrode the 
plate intended to lie coated, for if it be attempted to use such a solution, though the iron will be 
precipitated, it will not only bo in a non-cohorent state, bat the engraved siuface itself will be 
liable to be attacked pd injured. It may also be remarked that the coating of iron admits of Insing 
removed from a printing surface of cop|icr without injury to the original plate, hence the originid 
plate may, after ^ing coated and used for some time, have the worn coating removed, and then lie re- 
covered with an iron coating as often as may bo required ; and if care is t^en to remove the coating 
of iron before it has been entirely worn away, the engraved copper or other plate may be made to 
print a vast number of imprefisions and yet remain in the original state it was in when it loft the 
Iwnds of the engraver, or was otherwise first produced ; the only limit appears to be in the gradual 
cliange which takes place in the body of the printing surface by the compression to which it issub- 
j^ted in the process of printing. Jaerctofore, hi respect to plates engraved in intaglio, if of steel 
they each yield on the average about 8000 impressions without retouching ; if of copper they each 
yield (m an average not more than 800 without retouching ; whilst electro-oasts of copper obtained 
fr^ the originals will not on an average each yield even 200 impressions without retouobi&g J fat 
fiict, such printing surfaces are so easily worn, that after the first hundred or 150, imprearii^ tbeie 
w a ooninderable deterioratiou in the quality of the work pfoduoed. Therefore, for the supply of 
the oumto of impressions often required by art associations and others, it has been found neoesM^T 
to multiply the eleetio-oosto very oonsideiably. In such cases the invention is applioablo with ooh* 
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«iderabl« td^aniage, for Bradbury, Wilkinson, and Oo., who haye anocessfnlly applied the process, 
flpd that an electro-plate 40 x 22 in. covered or coated with iron has yielded 2000 ^pressions with- 
out its being necessary to remove and renew the iron coating, there being no perceptible difference 
between the first and last impression, the work on the plate appearing not to have suffered in the 
slightest degree. Hence in future, by the application of the invention, it will only be necessary to 
multiply electro-casts to such an extent as may bo necessary to ensure the production of prints or 
impressions with the requisite speed on paper, calico, or other fabrics. At the same time an original 
engraving on copper would become, when treated accqrding to the invention, more lasting than if 
engraved on steel. Although original surfaces engraved in relief, and also electro and other casts 
taken from them, yield a considerably greater number of impressions than those obtained from 
plates engraved in intaglio, to which the invention has not been applied, nevertheless the inven- 
tion is applicable with great advantage to such relief printing surfaces, whether of copper or other 
soft metal, for if they be coated with iron according to the invention they will yielcf almost an 
indefinite number of impressions, provided the iron surface be renew^ed as often as may be necessary, 
and the printing surfaces be again re-ooati d. 

In carrying out the invention the use of that modification of Grove*8 battery known as Bunsen’s 
is preferable, t>ecause it is desirable to have what is calhxl an intensity arrangement. The trough 
U8 (m 1 for containing the solution of iron in which the engraved printing surface is to be immersed 
in order to be ooat^, is lined with ^tta-percha, and it is 45 in. long, 22 in. wide, and 32 in. deep. 
In proceeding to prepare for work, the trough, whether of the size above-mentioned or otherwise, is 
filltxl wit)) water in combination with hydrochlorate of ammonia (sal*€anmoniac) in the proportion 
of 1000 lbs. by wciglit of water to 100 llis. of hydrochlorate of ammonia. A plate of sheet iron nearly 
as long and as deep as the trough is attached to the positive pr>le of the oattciT and immersed in 
the solution. Another plate of sheet iron about half the size of the other is attached to the negative 
fK)lo of the battery and immersed in the solution, and w hen the solution has arrived at the proper 
condition, which will require several days, the plate of iron attached to the negative pole is removed, 
and the printing surface to be criatod is attached to such pole, and then immersed in the bath till 
t)ic rcH{uirod coating of iron is obtained thereto. If, on immersing the copper plate in the solution, 
it be not iiiimtHliaU^y coabxl with a bright coating of iron all over, the bath is not in a proper 
condition, and the cxipi^er plate is to l)e removetl and the iron ])late attached and returned into the 
solution. The time occupieil in obtaining a projicr coating of iron to a printing surface varies from 
a variety of causes, but a workman after some cxiKTience and by careful attention will rea<lily know 
wiieti to remove the plate fmm the solution ; and it is desirable to state* that a copper plate should 
not 1x3 allowed to ri'main in the hath and attached to the negative ]>ole of the battery after tho 
bright coating of iron begins to show a blackish appc'arance at the edges. Immediately on taking 
a (v>p|ier plate from tho biith great C4vro is to be observed in wraahing off the solution from all parts, 
and tills may be most conveniently done by causing jets of water forcibly to strike against all parts 
of the surface. The plate is then dried and washed with spirits of turpentine, when it is ready for 
being printed from in the ordinary manner. The Bunsen’s lottery with the trough above described 
is as follows; — 

Twenty elements in scries of five ; each element is composed of an 
Eartlien jar, 9 in., and in. diameter. 

Zinc „ 8 in., 4 in. diameter, and ^ in. thick. 

Porous coll, 8^ in., and 2} in. diameter. 

Carbon „ 9} in. by 2 in. in width, and 1 in. in thickness. 

It should be observed that the battery will require attention when in use, as its action will 
diminish ; tho acids must therefore lie removed gradually by adding fresh materials every two or 
threi3 days. In order to remove the coating of iron from a printing surface after the iron coating 
has bc'come worn, a solution which will act on the iron without attacking the printing surface is 
cmployeii. In removing iron from copper, nitric acid is used diluted with eight parte of water, 
ana care is to be taken to wash off the solution as soon as the iron is dissolved. 

Works <m Klectr<hMetillur<jy : — A , Smoe, ‘ Elements of Electro-Metallurgy,’ 8vo, 1 851 . C. Walker, 
* EleotrotvfX) Manipulation,* iSmo, 1851. J. Naj)ior, * A Manual of Klect^Metallurgy,' crown 8vo, 
1800. H. Dircks, ‘ Ckmtributions towards a History of Electro-Metallurgy,' crown 8vo, 1863. 
K. Isicrnix, ‘Etudes sur TExposition do 1867,’ 4 vols., royal 8vo, 1867-68. A. Watt, ‘Electro- 
Metn.lurgy Practically Consldored,’ 12mo, 1869. O. Gore^ ‘The Theory and Practice of Electro- 
Deposition,* crown 8vo. M. de Valicourt, ‘Manuel du Galvanoplastie,* 2 vols,, 18mo. 

EIjEOTROMETEB. Fa., iUctnmetre ; Geb., EUctricitdtsmcsser ; Ital., EUttrometro i 8pax., 
Electrskrwtro, 

Bee Tklhgbapht. 


ELECTROTYPE. Pb., Eketrotype; Geb., EUctriacker Abxugi Stereotipia 

tiba; Span., OaliMnaphstria, 

See Elbctbo-Mktallurqt. 

ELEVATOR. Fb., EU^vatmr ; Ger., Aufzug ; Ital., Elevatore ; Span., Ekoathr, 

Bee Lifts; Hoists; and Elevators. 

EMBANKMENT. Fb., Levea iU terrv; Emblai; Geb., Erddamm; ItaL., Arginef 


Terrapin, 

Mailroad Cuttimfi wad To find the contents of railway cuttings and embankmente 

with accuracy is one of the most Inipmrtant problems in railroad engineering practice. 

The first object to be acquired in proimring the dimensiops of the different oross-seotious is to 
reduce the irregular seotious to a level, so that the level section may have the same area as the 

, Um F R, Fig. 2650, w tlwt the urea of any croea-seetion lOatcrfFH may be equal 

to the aiea of the figure U F R 1 requires but little eogineeriDg or geometrioal skill ; a thread 
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applied aoroBS the baondary, ^hen the inequalities are not great, -will, in miost oases, be sniBoient 
to determine F R. When the Yariations are great, the panJlel ndor will determine F B, in a f|w 
seconds, with mathematical aocnracy. 

Thus draw as parallel to 6Q, and then draw sb; then the triangle 6sG r: 6aG; through b 

3651. 



H B 1 


draw a line parallel iocs, join tc, as in the 
last case, and continue the process, until 
the line FB is determined. 

The cross-section is easily reduced to the 
form F BC K. Fig. 2G51 ; but to draw I H so 
that it be para ici to £ F, and that the 
area I H F E = F it C E, has employed the 
ingenuity ot engineers without much accurate 
practical success, although the object may 
be thus ea.sily obtained by construction. 

On A B describe a semicircle; draw CD 
parallel to EF, and DO perjicndioular to 
A B ; with A G describe the arc G H, through 



H draw H I pandlel to C D ; then the area of I H E F = area of B C E F, and A tn is the height of 


the c*|uivalent level cutting requircHl. The same construction will suit for embunkrm nts. When 
this construction is |K*rform»xl accurately, then IB is parallel to <j H. Hence the truth (‘f the con- 
struction may be tested by taking a parallel ruler and finding whether the liiws IB and C II aro 
parallel or not ; if these lines l»e not {mrallel, the construction must Ik) repeated. 

Example , — Let A B, Fig. 2052, be = 32 ft.; A C = 00 ft. ; slopes 2:i (AE:£C!:2:l); 
required the length of A U 

60 X 32 

— - — = 384 = the square of A D; 


therefore, K'D — tJ 384 = 19*590 ft,, 1* -f- 2* = 5, the number above divided by. 

A rule much easier than this cannot be expected. Wo will apply it to another example in 
which the ratio of the slopes is expressed in more compound numl^ers. 

Example.— Given A B (Fig. 2052) = 20 ft. : A C = 50 ft. ; slopes IJ to 1 (A F : F G t : 1 J : 1 ); 
required A D. 

-j- 1* = = 400, the square of A D, .*. A D = // 4(X) ~ 20. 

« 4 lo 

It generally happens that A B, Fig. 2653, the depth in or over the centre A, the breadth of the road- 
way E F, and the slopes of /o, Fa, /E, are 
only given, and from which the depth D A 
of the equivalent level cutting is required. 

The point B may or not be in the surface 
of the ground. For example, in Fig. 2050 
the Xioint A represents the centre stake, 
and is in the surface of the ground, while 
Q, where PR meets AB, is below the 
anrface of the ground ; hence, the point B, 
in Fig. 2653, may be alxive or below the 
Burface, as the case may be. Tliis remark 
is important, as the ]>osition of the centre 
stake is so much referrcKl to in setting ont 
the side slopes and, in fact, it is the jKjini 
from which all measures are taken. When 
the height of the centre stake is known 
above or below the middle of the roadway, 
in cutting or embanking, the jKwition of B in the lino /a, that equalizes the surface, is not far 
from the centre stake in most cases. However, /a is the line found by construction or otherwiso 
that makes the area E Fa/ = area E F P QR. Q Ijeing the centre stake, and Q U and U P, 
Fig. 2(>53, the lines that aro used, to find the places of the side stakes R and I\ 

Let the slope of/a be represented by i : 1, and of C/or Ca by r to 1. Also let B G be repro- 
sented by m, then, putting x = Qb and y = Ce, by similar triangles, 
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Again, r : 1 :: y : ~ « ef\ 


.•.m-l' = *',and 

Tsm _ 
y=:— r— =C<f. 

f r ’ 

• + r 


® _ sm 

r * « + r* 

r — r * 

But on referring to Fig. 2653 it will be seen that 


0a» = 05* + o6»; undC/* = €.»+«/»: 



(,-r)* 

^ o+ry 


Bnt bocsius the areas of the triangles C/aand Chh are eqnal, and the side, Fig. 2653, 

C A = C A, Then, C A — ^ Gf x 0 s j 

• CA = + »■*) X «^m« (T+r^) ^ .v/ ^m«(14.r») 

(» + r)* X (» — r)» (» + r)(» — r)' 

Bnt CA : CD(AA) :: V(1 + f») : 1. 

Honee, C D = *”* = the depth of the equivalent level cutting. This oomputation is 

V(» + r)(» — r) 

easily effected by logarithms, the use of which are recommended when the numbers expressing the 
ratios of tho slopes are compound. 

HtUe by J^jarithms.—From the sum of the logarithms of s and m, take half the sum of the logarithms 
of s-J^ r and s 4- r, and the remainder is the logarithm of 
C /> (Fiff. 2653), the depth of the equivalent cutting 
ishere (he side slopes meet. — Tliis nde is the only i 
simple and, at the same time, exact rule that has ap- 
peared. spite of the numerous controversies and the 
equally numerous books the problem has oocasionod 
for many yeara 

Krample.-^lM the roadway E F - 28 ft. wide, 
with the side slopes of 1^ : 1 and the ground to 
incline transversely at an angle of 15” ; with a dep^ 

BA, at the station B, of 20 ft.; required AD the depth of tho equivalent level cuttinir 
F E h h. 8cc Fig. 2654. 

Since the cotangent of 15” = 3*732, the inclination of fa is 

3*732 to 1; bonce s = 3*732; r = 1*5. 1*5 : 1 :: U : 94 = AC. 

.*. BO = 20 + 94 = 29 333. 

3 732 3*732 

1*500 1*500 


26 & 4 . 



2*232 = s-r; 

Isog. 2*232 = *3486942 
log. 5*232 = *7186677 


6*232 = « + r; 

Log. 3*732= *5719416 
log. 29*333 = 1*4673565 


2)1 * 0673619 From 2 * 0392981 

Take *5336809 

*6336809 

CD = 32 034 logarithm = 1*5056172 
9*333 = AO 


22*701 = A D, required. 

To find A D by oommon arithmettoal calculation is not very difficult, especially when a tabla 
of squares, Ac., of numbers is employed. 

The gcueral expression may be made to assume tho form 


OD = 


sm 


Example, — Let the road be 86 ft, wide, with side slopoa of 2 : 1, the ground to inclin trans- 
versely at a slope of 4 ; 1 ; and tho depth over tho centre of the road, A B = 24 ft. ; what is the 
depth of an o<iuivalent level cutting ? 

2; 1 ;; y :9 = OA. 

24 = AB; msr S3 

9=:A€; »= 4 


msSSsBO. 182 = mxs« 

V4»-2*=>-/I^ 
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the equate root of U out be fintnd in the table = 3*461, whioh ia taken anffieientljr near for the 
I>nrp<»e. r 

3 ^ 4 ^ = 88*103 = 00 . 

9*000 = 0A. 


29*103 = AD. 

Fxample» — ^The breadth of the roadway is 25 ft., with side slopes of 2} : 1 ; and a transverse 
ground slope of 6 : 1 (that is, the slope that equalizes the cross-sectional area) ; the depth of the 
station from the centre of the road = 15 ft., what is the depth of a level cutting of equal area ? 

25 

2j : 1 ~ :5 = AC. 

15 + 5 = 20 = m. 6* = 36 

6 = s. (2i)»== 0*25 

120 = m X I. V^ 2 i )*75 = 5 * 45 . 

The square root of such numbers as 29*75 can bo found by inspecting the table of squares, 
square roots, &c. 

29*75 X 4 = 119. 


The square root of 119 from the table = 10*9087121, the half of which = 5*454356, of which 
we have taken 5*45. 

5*00 = AC. 

17*02 = AD. 


This calculation would be very concise, only the work is accompanied by explanations. Without 
such rendering the work might stand thus, as half the square root of 119 can be taken from the 
table without calculation. 



6* -CD* 


119 

4 


20 

6 

5*45)12000 /22 02 

1090 \ 5*00 

1100 17 02 = AD. 

1090 

1000 

1090 

Example . — ^The breadth of the roadway is 27*8 ft., with side slopes of 86^ 40' and a transverse 
equalizing ground slope of 21° 15'; the depth of the station from the centre of the road 45*6 ft. ; 
what is the depth of a level cutting of equal area? 

Katural cotangent of 36° 40' = 1 *3432 = r 
„ „ 21° 15' = 2*5715 = 


# + r = 3*9147 


j-r = 1*2283 

Ixtg. r + « = *5926985 
lug. r — «= *0893045 


2) 6820030 


*3410015 

65*612 
10*350 

55 262sAD» 

the depth of a level catting of eqnal area with the one defined in the question. 

Axamp/s.— The breadth of the roadway s 33*7 It,; the side slc^ of an embankneot are 


27*8 
2r = 2*6864 


= 10*35 = AC. 

45*6 

10*35 


55*95 = m 


Log. m = 1 *7478001 
log. f = 0*4101865 

From 2 *1579866 
Take *3410015 


log. 65*612 = 1*8169851 
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19:7; and a transvene groand slope of 28 : 8 ; the depth of the embankment from the centre of 
^e r^ = 18*4 ft. ; what is the depth of the level embankment of equal cross-area ? 


3 

19 


= 7-6667 


= 2*7143 


10*3810 = s -hr 


33*7 

5*4286 


6*2078 

18*4000 

24*6078 = m. 


4*9524 = « - r 

Log. f + r = 1 *0162392 Log. m = 1*3910728 

log « - r = *6948157 log. 8 = 0*8846085 


2)1 * 7110549 From 2 * 2756813 

Take *8555274 

* 8555274 

Logarithm of 26*312 = 1 *4201539 


26*312 

6*2078 


AD = 20*1042 ft 
Cotwfmch’on.-^Whcn many constructions are 
to be made, socticm nr cross-lmrred pafter will bo 
found very eon veil lent. This pa[jer is ruled, or 
rather printed from plates of steel or copper, to 
suit with great accuracy a variety of scales. 

Take AC = 18*4 ft, and produce it both 
ways : draw E A F = 33 * 7 ft. and perpendicular 
to A (5 ; A E = A F, Fig. 2655. 

Prcxluce A F to n and make F n = 19 on any convenient scale of equal parts, draw m n perpen- 
dicular to F n and = 7 such parts, then draw BFmH, and in the same way draw B£GL. 
Again make C t - 3. and t v per})endicular to it = 23. draw e G C H, and £ F G H is the cross- 
w'ction of the embankment. Draw G I parallel to £ F, on B H describe the semicircle B J H, 
draw 1 J |)erpendicuinr to B H, and make B K = B J, draw K L parallel to £ F, then the area 
F E G H i-- the level area L K F E and A D = 20*1 ft., as before found by calculahon. 

To find the Cimtents of Cutting and Kmbanhmenta , — ^Let m be the breadth of the bottom of a level 
cutting at the rails; a, 6, c, d, . . . . r, the perpendicular heights taken n feet apart ; and r : 1 the 
ratio of the slopes ; then 

The content of the central part = |a -h s -f- 2 (5 + c -f d . . . . )| ; where a and s are the 
extreme ordinates, and 6, c, d, s . , . . the intermediate. 

lliooontont of the two slopes = ~|(a-h6)*-|- (6+c)» 4* (c+d)* . . . [a6+6c-hcd .•..]! 



JCxamj ^. — Boquired the solid content of a cutting or embankment ABCDEFGH, Fig. 2656, 
whose heights taken at 1 chaiu of 66 ft. apart are 30 ft. = a, and 20 ft. = 6 ; the width of the rails 
= 36 ft. = m; the slopes 2 to 1. 

In this example r : 1 beoomes 2:1; a = 66 (I. 

The general formula becomes ^ 4* ^ |(o -f 6)* — 06^ , when two ordinates, a and 6, 


are used. 

20 
80 

50 

66 3( 

3300 

36 

19800 

9900 

2)118800 

ABPNKFG1= ~69400cub.ft.. 


a -I- 6 = 50 

50 = a 4- 5 


assa 



8)250800 


83600 = cubic feet in PBCHIG 
88600 and A K D £K F together. 

59400 


148000 = whole oemtont in cubic feet. 
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This number divided by 27 rives 5296*296, the oonteiit in oubio yards. Wehave used no help 
to oontraot the process, in oraer that the nature of the problem may be thoroughly understood. 

Example, — Let the cubical content of the cutting or embankment mentioned in the last example 
be requiiw, when ti = 100 fL 


0 = 20 

50 

= 0 + 5 

5 = 30 

50 


2)50 

2500 

= (a + 5)» 


05= 600 


25 X 100 = 2500 = 



2500 

1900 


86 

2 

= r 

15000 

8800 


7500 

100 

= ft 


90000 = cubic feet inABPNKFGI. 8)380000 = 126666*66 cub. ft., the content 

of the two slopes. 

90000 

126666*66 


27)216666*66 

8024*7 whole content in cubic yards. 


Now observe how easily 
chain of 66 ft. 


this result can be obtained when the former 5296*296 is found for a 

5296*296 
half 2648*148 


Passing two hgures to left each time . . 


7944 *444 for 99 ft. 
79*444 
*794 
7 


8024*689 


Consequently, if any cubic yards as 90000 be for a 66>ft. chain, 

90000 

45000 


135000 

1350 

13*5 

•1 


136363*6 

will be the cubic yards for 100 ft. This result is obtained without mental labour. 

Example , — Required the cubical content of these cuttings by inspecting the following Tables 
(L, U., and m.) ; — 

First for a = 66 ft. 

20 

30 

2)50 


25 X 86 = 900 ft. 

From the small Table (I.), for an areo of 900 sq. ft., there is given 2199*9999 cub. yds., which 
tnay be taken as 2200 cub. yds. 

In the large Table (111.), over 20 and opposite 30 will 
be found 

1548 
2 = r 

8096 
2200 

* 5296 cub. yds., 

the same whole number of yards as these before fimnd, 
icooiding to the formula. 


Table I.— For 66 fetd. 


1 

2-4444444 

2 

4*8888888 

8 

7-333338.-1 

4 

B-imm 

6 

12-2222222 

6 


7 

17-1111111 

8 

19-S5S555ff 

9 

21 9999999 
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When the cnbio content in yaids for a chain of 66 is known, the content for a chain of 100 is 
found instantly, as before shown. 

. 6296 

’ 2648 

7944* for 99 ft. 

79*44 

*79 


8024*23 for 100 ft. 

When tne work is not encumbered by explanations, the ease of application is very apparent, as 
the following examples will show. 

Example. — Lot the eciuivalent level cutting at one end have a particular height J L = 25 ft., 
Fig. 2656 ; at the other end, O M = 20. What is the cubical content for lengths of 100 ft., 66 ft., 
and 50 ft., the roadway 28 ft. wide and the side slopes to 1 ? 


For 600 
„ 30 


From Table /. 

Table ///. 

25 

20 

Opposite 25 under 20 

.. .. 1343-| „ 

45 

14 = half 28. 


1864 

1540 

180 

45 

630 

.. .. 1466*6666 
.. .. 73*3:166 

1540* 

For a length of 66 ft. 

For 99 ft 

.. .. 3404 cub. yds. 

3404 

1702 

5106 

51*06 

51 


For 100 ft 

5157*57 cub. yds. 


2)5157 *57 for 100 ft. 


2578*78 for 50 ft. 

Hence, if 25 and 20 be the heights of a filling or the depths of a cutting, 

Cub. yda. 

For 66 ft., the content = 3404* 

„ 100 ft., the content = 5157*5 
„ 50 ft., the content =- 2578*8 

It is easily seen by a practical civil engineer that this is the best and easiest method of finding 
the solid content of cuttings or embankments yot proposed, whether the chain be 100 ft. long, 
66 ft., or 50 ft. 

The content for any other distance, as 121*3 ft, is also readily determined, thus; — 

For 100 ft 5157*5 

„ 1 ft 51*575 

121 3 


154725 

51575 

103150 

51575 


For 121*3 ft 6256 0475 

Anv other length may bo applied in the same manner. 

Vxamp/tf.-— Let Ibh. lie the height of a level filling, which has the same area as the cross-section 
at this station ; 100 ft, fiom this the height of the level filling is found to be 14 ft. ; how many cubic 
yards of earth docs it contain, the ratio of the side slopes J to 1, breadth of the roadway = 32 ft. ? 

From Table IL, which is for finding the content of the central part for lengths of 100 ft., will 
bo found the content of the central part, thus;— 

14 
16 

2)80 

15 

82 sr breadth of roadway. 

80 For 400 .. .. 1484 481 

45 „ 80 .. .. 296*296 


400 Cubic yards 1777*777 


Table II. — For 100 feet. 


1 

8*703703 

2 

7*407407 

3 

11*111111 

4 

14*814814 

5 

18*518518 

6 

22*222222 

7 

25*925925 

8 

29*629629 

9 

38*338883 
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Vot the oratent of the two dopes and a length of 66 feet 

Opposite 16 over 14 .. .. 551 

| = r. 

418-25 


413-25 

half3206-625 


C19-875 

6-198 

61 


626-134 

Cubic yards 1777-777 for 100 ft. 


2403 *911 whole content. 

Exempts , — Sappoee the equivalent level entting at one end to be 24 ft., and at the other 36 ; the 
roadway 31 ft. wide ; the length of the cutting 100 ft., the side alopea 1* to 1 ; required the cubical 
otmient in cubic yards. 


24 

36 

2)60 

30 

31 breadth of roadway. 
930 

Frcm TtJbU IT, 

For 900 3333*333 

„ 30 111*111 


3444-444 


Frem TchU III, 

Opposite 36 over 24 .. .. 2229 


r = I 8)8916 
For 66 ft 2972 


half = 1486 

4458 

44-,5R 

•45 


For 100 ft 4503 *03 

8444*44 


Total content = 8947*47 


a cutting be in every respect the same as the last, only the length = 66 ft. ; 
what is the cubical content ? 


36 + 24 = 60 

31 = breadth of roadway. 


60 

180 

2)1860 


930 

From Table /. 
For 900 


2200 
73 33 


2273*33 


Opposite 30 over 24 .. .. 2229 

4 

r = I 3)8916 

2972 

2273i 

Total content for 66 ft, 5245 J 


As all the figures employed are set down, it is evident that this plan is superior to any other 
proposed method, as but one<tenth the mental laljour is cx|)onde(l. 

What is the content for 12*3 ft. when the content for a length of 66 ft. = 5245*33 cub. ft. ? 


5245*33 

79*4747 

2622*66 

12*8 

7868*00 

2284241 

78*68 

1589494 

78 

794747 


7947*47 for 100 ft. Cubic feet 876*5:1881 for 12*3 ft. length. 

79*4747 for 1 ft. 

.^«ompltf.^Bequired the cubical content by the general formula. 
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a = 24; »s86 
r s 1|; m a: 81 : ns 100 ft. 

X (24 + 36) = 93000 

24 
86 

(a 4* f>y = 60* = 3600 
a X 6 = 864 

a* 4* aft + 6* = 2736 
4 

3)10944 


3648 

100 


3)364800 


121600 

93000 


Oontent in cub. ft. = 214600 

The difference cxiBting between the result obtained by using the Tables and tiie result given 
by the formula is but very small for so large a oontent. 

It arises from the results g^ven in Table III. being whole numbers without decimals. In fact, 
Table III. contains the content in cubical yards to the nearest unit, and the depths of the level 
cuttings have all the integral values from 1 to 70. 

When decimals are annexed, the additional cubical content is found by consulting Table lY. 
The method of using this Table will best appear from example. 

/'.'xamvle . — Let a = 52*6 ft. ; 6 = 30*4 ; the slopes 2:1; the breadth of the roadway 36 ft. ; 
length 66 ft. : what is the content in cubic yards? 

52*6 
30*4 


Table IV. 

52*6 

2 


105*2 = 2a 
30*4 = b 


135*6 = n. , ^ 

13-56 = — i-? 

10 

The nearest whole number to which is 14. 

Opposite 14 and under *6 .. ..68 

30*4 = 5 
2 


Table IIL 

Opposite 52 under 30 .. .. 4208 

11-34 = ?■■+-? 

10 

The nearest whole number to which is IL 


60*8 
52*6 = a 


83*0 

18 = half 36. 

664 

8.H 

1494 

Frem Table L 

For 1000 2444*444 

„ 4(K) 977*777 

„ 90 219*999 

„ 4 9*777 

3651*997 


To find what must be added for decimals 
(•6) and (*4) employ 


27)214600(7948 

189 

256 

243 

130 

108 

220 

216 


Opposite 11 and under *4 

4208 ) 

68 I add 
36) 

4312 
2 = r 


add 


8624 

3652 


36 


12276 cubical content for a length of 66 ft. 
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Tabub IV 



*1. 

•2. 

•8. 

•4. 

•5. 

•6. ! 

•7. 

•8. 

•9. 


•1. 

*8. 

•8. 

‘4. 

•6. 

•e. 

•7. 

•8. 

•0. 

1 

1 

2 

2 

3 

4 

5 1 

6 

7 

7 

12 

10 

20 

29 

39 

49 

59 

69 

78 

88 

2 

2 

3 

5 

7 

8 

10 ; 

11 

13 

15 

13 

11 

21 

32 

42 

53 

63 

74 

85 

95 

3 

2 

5 

7 

10 

12 

15 

17 

20 

22 


11 

23 

84 

46 

57 

68 

80 

91 

103 

4 

3 

7 

10 

13 

16 

20 ! 

23 

26 

29 

15 

12 

24 

37 

49 

61 

73 

86 

98 

no 

5 

4 

8 

12 

16 

20 

24 

29 

33 

87 

; 16 

13 

26 

39 

52 

65 

78 

91 

104 

117 


5 

10 

15 

20 

24 

29 

34 

39 1 

1 44 

17 

: 14 

28 

42 

55 

i 69 ; 

83 1 

97 

111 

125 

7 * 

6 

11 

17 

23 

28 

34 

40 

46 

51 

' 18 

15 

29 

44 j 

59 

1 

i 88 

103 

117 

il32 

8 ! 

7 i 

13 

20 

26 

33 

39 

46 

52 ! 

i 59 

19 

16 

31 

47 i 

62 

, 77 1 

1 93 

108 

124 

139 

9 ! 

7 t 

15 

22 

29 

37 

44 

51 

57 i 

i 66 

20 . 

16 

33 

49 

65 

82 ; 

: 98 

114 

130 : 

147 

10 ! 

8 : 

16 

25 

33 

41 

49 

57 

65 

73 

21 

17 


51 

68 

86 , 

103 

120 

137 

154 

11 i 

9 

18 

27 

36 

45 

54 

63 

72 

81 



1 1 


i 

i ! 


i i 

i 



If the length = 100 ft. with the other dimensions remaining the same, the content will be 

12276 

6138 

18414* 

184*14 

1*84 


For 100 ft. 18599*98 cub. yds. 

These results do not differ from those obtained with mathematical accuracy more than 2 yds.^ 
according to the formula. 

a = 52 * 6, 6 = 30 * 4. m = 36 ; n = 66 ; all in feet ; r = 2. 

36 X 66 

— 9 — X (52*6 + 30*4) = 36 X 33 X 83 = 98604. 

52-6 

30*4 

83*0 

83* 


249 

664 

6889 = (o + by 

30*4 X 52*6 = 1599*04 = a x 6 


5289*96 

2 = r 


10579*92 « 

22 = — 
Z 3 


2115984 

2115984 


232758*24 = ~ (a» + a 6 + er») 
98604* 


27)331362*26 

27 

61 n2273, the true content 

54 \ in cubic yards. 

73 

54 

196 

189 

72 

81 

We win nest gtse • modd enmple, raeiely setting down the nnmben employed In the 
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Example , — ^Let the depths of a cutting be S9‘8 and 37*7 ft. ; their distance = 66 ft. ; the ratio 
of the slopes 1|| to 1 ; what is the content^ Bottom width ~ 33. 

89*3 

87-7 

77-0 

83 

231 

231 


2)2541 • 


For 1000 
200 


Table L 1270-5 

2444*444 

48H-888 

171-111 

1-222 


3105*666 


Tiihh ITT, 

Opposite 39 over 87 .. 

39*8* 

2 


2 o 4" ^ 

___ 


78*6 

37*7 


11*63 


3531 


TaiAe TV. 

Opposite 12 under *3 


2 4" o 
10 


37 

2 

75-4 

39*3 

= 11*47 


Opposite 11 under 7 
3531 
29 
63 


3623 r = { 
3 


2)10869 


5434-5 

3105-66 


29 


63 


Content 8540-16 cub. yds. 


I^ct <i = 7*1 ; 5 = 6*8; c = 5*3; d = 7*6; <? = 11*5; these depths are at 100 ft. apart; the 
breadth of the roadway = 30 ft.; and the side slopes 3 : 2, or | I 1. 

r = ^; m = 30; fi = 100. 

General formula 

~ { a+e+2 ib+c+d) } + Y { + (*+')’ + (‘'+<0’ + <<*+<')* - (<«»+»o cd+</o}. 

58 6 = 6-8 

lOO = a c = 5*3 

d = 7*6 

5800 

30 = m 


2)174000 


87000 


19*7 

2 

89-4 

7*1 

11*5 = « 


fa 4- fc)* = (7*1 4> 6*8)* = 13*9* = 193*21 

h 4- c)* =r (6*8 4- 8-8)* = 12* 1* - 146-41 

(c 4- </)* = (5-3 4- 7*6)» = 121P = l(;6-4l 

(d+ey zz (7*6 4^ 11*5)* = 18* 1* = 327*61 


833*61 


48*28 = a X 6 = 7*1 X 6*8 
35*04 = 6 X c = 6*8 X 5*3 
40*28 = cxd = 5*3 X 7*6 
87*40 s=dxs = 7*6 X 11*5 

211*00 


58*0 


833-64 

211-00 


622- 64 
100 


62264* 

| = r 


2)186792 


3)93396 

81132 
Add 87000 


118138 onb. ft 
4 u 



1S94 


embankment. 


2657. 


The formula is convenient when the numbers are small and a table of the squares and products 
•f numbers convenient. 

To Jind the Solid Content of a Kailrood Cutting or Embankment, when great accuracy is required , — 
Rule, — Add tugctlier the area of two parallel oross-seotions^ and four times the area of a sectior 
half-way between and parallel to them ; and multiply the sum by one- 
sixth of the length measured perpendicularly to the parallel sections, 
and the product is the solid content rtMjuired. 

Example, — Let the area of the cross-section A, Fig. 2G57, = 

2675 St], ft, ; B = 2540 sq. ft. ; C = 2489 8<j. ft. ; the distance D E = 

K F 50 ft. or the distance between A and B = 100 * what is the 
content? 

2540 = R 
4 


10160 
2675 = A 
2489 = C 


6)15324 


2551 

100 - 


255400 

27 


255400* cub, ft. 

= 9459*2 cub. yds. 



The Tables will detemnne the content with the same accuracy ns the general rule just given, 
without the middle area being given. 

Example, — Let the art-asof the two ends of a cutting l>e 4990 and 1291 sq. ft., the l)ottom width 
30 ft., the length 1*60 chain, and the ratio of the slojus 1^ to 1 ; n^ijuired the conU*nt of the 
cutting in cubic yards by referring to the I'ables. 

In applying the Tables to such examples, the square roots of the areas, to w'liere the sIojx^h 
meet, must*b<.* first extracted, or, which is more easy, taken from a table of s<juare rf)f>ts. 

IJ t 1 1 1 * 10 ft., the depth below the roadway where the 81 o|k;s meet, —g— = 150 sq. ft., 


the area of the triangle, to l)c added to the areas of the cross-sections. 

4990 1294 

150 150 


5140 and 1444 

the areas of the sections to where the slopes meet. The square roots of these numbers are 71 *7 
and 38* respectively. 

By Table III., for 71 and 38 7483 

By Table IV., for = 18- and (-7) .. .. lO.S 


Content to the intersection of slopes 


7586 


150 X 66 

Take the content from roadway to where the slopes meet = ““TpT — ~ 


7219| 


Content for one chain 

7219i X l-fX) = 11550*933 rub. yds. 

Example . — Ixt the areas of the two cnd.s of a cutting be 3645 and 4036 sq. ft. ; the bottom 
width 27*2 ft. ; the lengtli 17 *6 ft. ; the ratio of the sIo^mjs 1 *7 to 1 ; required the content of this 

17*2 

cutting by the help of the Tables. 1*7:1:: — — : 8 ft., the depth below the roadway where the 
27*2 X 8 

slopes meet. ^ =•- 108*8 sq. ft., to be added to the areas of the cross-sections. The solid 

content of the wedge below the roadway to where the slopes meet, for a chain = 66, in Icnsrih s 

108*8 X 66 ^ ^ ^ » » 6 

2 ^ ~ 265 *9 cub. yds. 

It is necessary to make these little prediminary calculations befcore applying the Tables, in stieh 
general examples as the one we have given alx>vf‘. 


8645 

108*8 


4036 

108*8 


= 61*3; V4144*8sC4*4. 

When one or both the given depths, or square roots, exceed the limits of Table HI., find 
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content oorreeponding to half the two depths, and four times the result will be the content 
required. 

By Table 111., for ^ and 61 9550' 


Table IV., 


V* %r fs -j- ^ 

10 

64 4 X 2 + 61 3 
10 


=r 19 and 


= 19 and 


3 

4 


Content to intersection of sloj^s 

Content from roadway to the intersection of slopes . . 


47 


62* 

9G59* 
265 9 


9393 1 

Cubic yus. 

9393 1 for 66 feet 
4696-5 


14089*6 

140-9 

1-4 

142-319 for 100 feet 
142-319 for 1 foot. 

142*319 X 17*6 = 2504 8140, 

the content in cubic yards for the distance given in the example. 

To find the Content of a Hailroad Cuttm j^ when the Siopcs of the Two Sides are different. — Rule . — 
Find the content as if one of the slop^is were given : take half the result and add it to half the 
content found by supposing the other slope only given ; the sum will be the content required. 

Example . — One side of a cutting has a slope of 1| : 1, the other side a slope of 1^:1; the 
heights of the equivalent level cross-sectional areas, taken 100 ft. apart, are 13 and 11 ft., the 
breadth of the roadway = 30 ft. . what is the content in cubic yards? 

11 ForSOO* .. 1111-111 

13 60* .. .. 222 222 


2)24 

12 

30 

360 


1333 333 cub. yds, in the central part. 


For 13 and 11 in Table 111., 353* for 66 feet. 
U 353 

^ 11 


2)2J 


8)3883 




485 4 
4 85 

4 


Slope If ; 1, length 100 feet, 

1333-3 
490 3 


490 3 cub. yds. 


36S8. 


Content 1823 6 cub. yds. 

Investigation of tlu. General Formula for Calcuhting the Content 
of C \ttings and KmlMinkments. — Let ABCDEFuHIJKL, 

Fig. 2658, be a railroad cutting ; the planes A B U F and 
L O IJ ixirpendicular to the plane of the roadway IJ B A. 

Then D It ^ £ A == 6 and KJI-lH=:aare perpendicular to 
I A and B J. 

The sides J L 0 B and 1 G F A slope till thefr bases are to 
their tierpendiculars as r : 1. Ah and B D are perpendicular 
to C F. and J K and 1 H i)or|iendicular to G L. 

B D : D C : ; l : r, the same t>ra{)ortion holds in the other 
nght-angled triangles A £ F, 1 G H, and K J L. 

£FsDC=:hf. GH = KL = ar. 

The length of the catting J B = 1 A ^ fi, the breadth of the 
roadway A B =: 1 J rs m. Fig. 2658. 

The two slopes of Fig. 2659 put together make up the 
frustum of a pyramid F B C L J G, reprcseiiUHt in Fig. 2660. The centre part £DB AIF is given 
in Fig. 2659, the content of whieli we will find first. 

lit the plane It ST U, Fig. 2659, be parallel to the ends and half-way between them; and 

4 u 2 
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MSOPTNpMallcl to the «»d piano ABU; then the solid I HEDKJ the solid IMOPEJ 
a + 6 »»» " S' . AX 

s -j- XmX»=-Y(o + »). 1 



i X X fr = content of the pyramid FBCQ = "/ • . 

o a 3 a 


Area of the triangle J G L = a* r, hence the oontcit of the pyramid O G L J = 


ix 


na 
6 — a 


X a»r = 



ConBequently, the solid content of the frustnin J G L C P B = 


n r ^6* — __ 


"g- (6» + 06 + o») = "g- |(a + 6)‘ - otj . 


From this expression Table III. has been calculated, taking n = G6 ft. and dividing by 27 to 
reduce the content to cubic yards. The general formula is readily found by taking the sum of 
the expressions. 

^(« + i) + Y{(a + »)’-oft} 

+ + + 

^ (e + d) + y [(c + </)• — cdj 

&c, + & 0 ., which becomes 

^ |o + * + 2(6 + c + d...) + 

y |(o + 6)* + (6 + c)* X (c + df + — [a6 + 6c + crf+ ... .]| 

the general formula that we propoeed to demonstrate. We will add an example that often oeotm 
in practice ; when cuttings or embankments are measnrod after the work is ^ne, tlio sides have 
different slopes from one another, and from those intended to be given. To find the content of 
such, the following rule may be useful. 

Ati/e.—Find the content of the centre portion, as in the preceding examples ; in finding the 
content of the two slopes, employ half the sum of the ratios (the consequents being unity), instead 
of the constant ratio used in other cases. 

Example , — Let the bottom width = 36 ft.; the depths of the level equalized cross-soctions s 20 
and SO ft. respectively; one of the side slopes II to 1, the other 2 to 1 ; what is the contemit in 
enbioyaid^f^alengthoflOOfl.? > 

2 : 1 

li : 1 


m 

If : 1 = r : 1. 
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86 X 100 

X (20 + 80) = 90000 cub. ft. in the central part. 

20 

30 

50* = 2500 = +6)2 

20 X 30 = 600 

1900 = a6 + a* + 62 
100 


190000 

7 r = i 

4)1330000 


3)3:i2r>00 


1 10S33*3 cub. ft. in the side hlo|»ca. 
00000 * 


27)200833 -3(7438 *2 
189 

118 

108 

103 

HI 


223 

210 


73 

51 


the Tables.^ Table III , — For 30 and 20 will be found 1548; thui is for a length of CC ft. 

1548 

774 

for 99 ft. 2322 

23-22 

-23 


for 100 ft. 2345-4.5 

7 r = x 

4)10418-15 


4104-5-1 

3:U13*33 found iu Table 11. for 9000. 


Cubic yards 7437*87 

20 

30 

2)50 

25 X 36 =: 9000. 

By inspeotini!; the Tables the content is found to bo 7437*87 cub. yds.; by the fonnula the 
content is 7438*2 cub. yds. ; the diiforonce is loss than half a cubic yard. 

Side Depths and Side Stakes , — When the centre stum]»s of a railroad have been put down, which 
are usually at the distance of one chain, tlie line must next be levelled, and the number of the 
stumim entered in the levebbook in a vortical column ; and o{>)K^ite each number, iu another 
column, the depili of the cuttings or embankments ; and in a third column, the horizontal half- 
width of the surface cuttings. But every engineer has his (HK^uliar method of keeping a field or 
level book. 

To set out the width of cuttings, when the surface of the ground is laterally level, and at a 
^ven height above the loved of tho intended railroad, the ratio of the slopes Wng given, let 
A B 1) H| !Pig. 2661, be tho oross-sootion of a cutting, tne ground H B parallel to the Im of the 
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iwd A B; put 0 F, the height, in the centre of the reed = *, nnd the breedth of the «»d-bed 
AB = (; the slope of the side AH or BD is generally expressed by the ratio of the base B I to 

the perpendicular ID; letBI:ID = m;n, then the Blopcs are said to be m : n, or - • 

In this case, as it is supposed the ground H D is level, the distanoo from the centre F to the 

side stakes D and H will be expressed by 1 6 ^ A. 

Example,-AAi the bottom width AB = 28 ft., the depth of the cnttinic: CP = 16 ft., the 
slopes 5:4; that iB,BI:lD = 5:4; required the distance of the side stakes II and D from the 
centre F. 

HP = Jof28 + |ofl 6 = 84=:FD. 


9061 . mx 



Example of embankment, when the surface of the ground is laterally level. Fig. 2662. Suppose 
the breadth of the roadway A B = 32 ft. ; the height of the emlMinkiuent C F “ 20 ft., and tlie 
ratio of the slopes 6 to 5, that is, D £ : £ B = 6 : 5 ; retjuired the distance of the side stakes 11 and 
D from the centre F. 

HF = I of 32 + I of 20 = 40 = FD. 

The slope given to the sides of either cuttings or embankments varies with the material through 
which the road has to {^ss. 

When B I = I D, Fig. 2661, the slope is said to be 1 : 1. Tlio slope is said tf> be a ri«^ of 2 to 1 
when I B = twice I D. In close-jointed rock the ratio varies from 1 : 4, to 1 : 2. In soft or ItKiKc- 
jointed rock, or stiff clay, the ratio varies from 1 : 1, to 3 : 2. If the roml (lasses through moist 
springy ground or loose sand, the ratio of the slope varies from 2 : 1 to 5 : 2. Hhouhl the gniutui 
rise from F to M, Fig. 2663, the slope stake must be set out farther, as at M. liCt the additional 

height M N = p, then D N = ^ p. And if the ground falls from F to K, a distance L K = 9, the 
slope stake must be set farther in at K, a distance H L = ^ 7. 



It oto bajppenB that p and q are unequal. Betting slope stakes for embankments resembles set- 
ting them for excavations, only a nse from thectmtre F with excavations correspon^ls tr> a fall with 


i^pfe.— In the cutting. Fig. 2663, and in the embankment, Fig. 2604, 
Let AB = » = 3()ft. KL = 7 = 4ft 

C»=A=r|«ft, min = 3: 2. 

M N = p = 6 ft. 


Consequently, 


8:2 = BI:I1) = AI:JK = DN:NM = HL:LK. 


- " 2 1 2 ' 2 ~ “ 2 ~2 i ~ = 

■ »lope np or down frnm F, the oentra itake. the piMitlniM of K and 

deemed on the ground ty a aeriea of trial,, or fudged out in an ofC by aomo oluiuy 
ecbanica.lmw^]aa wotl^ To avoid guewiiig.or raleof-thumb oporationa, we will lav 

exact plan by which flw poaitione of tbc ride alabei K and M may be eaidly foaiiA ® 
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nosiiions of D and H on a leyel with F, the centre stake, can be accurately calculated when the 
height 0 F, breadth A B, and ratio of B I to I D are given, therefore it is known, very nearly, where 
the lines A K and B M strike the surface of the earth. And as F K and F M are seldom in the 
tame straight line, it is more accurate to find the ratio of F L to L K as well as the ratio of F N to 
N M, Fig. 26()5. When these ratios are known, 
which may be readily found by a level and 
target-rod, the distance of M from F and of K 
from F arc easily calculated. 

In the neighbourlifKxl of M and K there 
ere always slmrt spaces iKifore or Ixjhind M 
and K, in the directions of the lines K F and 
F M, and it docs not matter how irregular tho 
surface is between these points. It is not 
nwessary that the spawns before or behind K 
and M are level or not, so that they are nearly 
in tho directions oi F M and F K. Set up 
and adjust the level at any ooiiv(!nient ]daeo 
X, rtiitside tlie cross seetioii ; place the target- 
staff at Y, as TK‘ar as you are aljle to judge to 
tho required point M ; read off the ladght S Y ; remove the staff to the centre stake F, and read 
off the height FT: the difference between S Y and FT will give Q F, which put = r, measure 
y F*, and put » = Y F. If the distance Q Y he not great, it may Ut measured by tho same tape or 
chain that takes the length of F Y ; or Q Y may be calculated, for Q Y = — r*, which put = t 

to make the reasoning more c/>neiHe. 

Then the three sides of the triangle Q F Y becomo known ; this triangle is similar to the tri- 
angle F N M, and hence 

FN:NM::t:r, fn:FM::<:s, FM:MN::5:r; 



becanao the three sides of the triangle, Y F, Q F, Q Y, arc respectively represented by the three 
known quantities, r, t. Two of these quantities, s and r, may he measured in links or feet on 
tho ground, and tlie third side may measureti or calculatetl according to the circumstances of tho 
ease. Again, place the target-staff at Z as near the required jwint K as you are able to judge : hut 
it does not matter wh(‘re it is plaotni, as I have before observed, so that it is in the line F K. Then 
read off the height Z V without changing the j)osition of the instrument at X ; from tho height 
V take T F, the re-maindcr Z R is one of the sides of the triaiigh* F Z R ; put this, known height 
Z R = a; measure Z F w'ith a tape or chain, and put it = c; R F may be measured and put - c, 
or calculat<*d, for c - V As on the other side of the centre F, the triangle F B Z is similar 

to the triangle F L K. Hence F K : K L : L F = c : a : c. 

To render this method of proceeding as <dear as possible we have dwelt on every ]X)int of the 
process, so that tliere e<iiihl lx* no ridsiuiderstuiuliug This subject has l>een treated by writers in 
a most shjvenly manner: ami by most of the empirical rules laid down by them it takes three or 
four trials to di U'rmine the position of a side stake. 

LotKF = xandFM = y. AB = 6:PC = A;BI:ID = m:n. 

And as we have just found by the level and target-staff that 

F N : N M = f : r, F M : F N = 5 : f ; 

Also, 

F L : L K = c : (I, F K : K L = c : < 1 . 

We have selected these measures in the most general manner, in onler that the result may embrace 
all like cases. 


elallx : ' 


:KL. 


KL;LH = KJ: JA = n:m; ; LH : m; or— = LH. 

c c n 


F1I-HL=:LF. FH = i/>-|- 


m h 


LF=:i6 + -^ 

n cn 


__ c (n 6 -b 2 m A) 
~ 2 (e n -b a w) * 

and honoo tho exact distance of tho side stake K from tho centre F becomes known. 


c ; c : : X : — = F L 
c 


e X _ A ^ m A nmx 

c 2 ^ n i’ » 


= bi:id = dn:nm 

8 

FD + ON = FN. PDrziH-*"-: 

a 


min; 


5 ns 


b mh 


• : t 



ty b mh »H r V 
2 n n 6' 


s(n A -b 2 w A) 

^ ^ 2 — m r) ’ 


and hence the exact distance of tho side stake M is n^ndily determined. 

Axampfs.--OiTen the breadth of the roadway A B = 28 ft. ; the height of the centre stake C P s= 
A :s 24 ft. ; the ratio of the slopes A H, B M, or B 1 : I D = 8 : 2. In a surface distance F Y = 
fiO ft. = s. A rise F Q = 7 ft. = r, is found by the level and target-staff; in the surface distance, 
^FZsfiOft. s;c, a fall B Z = 4 ft. = « is found. Bequircxl the pints K and M where the surface 
of the ground intersects the slopes tliat form tho roa«). The solution of this problem and of this first 
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example are given at fall length, in order that the ground-work of the praotioal rule, to be given 
presently, may be well understood. 

FM : FN : MN = « : : r, 

fk:fl:lk = c: Vc*^:a 

60* = 3600 
7* = 49 

t = Va*-r» = ^3551 = 59*59 

50* = 2500 
4*= 16 


e = Vc* - ti* = ^2484 = 49*84 
50(2 X 28 -f 2 X 8 X 24) 10000 


2(49*84 x 2 + 4 x 3) 223*36 

60 (2 X 28 -4- 2 X 3 X 24) 


y = 


= 44 *8 ft. = tho distance from F to K. 
12000 


2(59*59 X 2 - 7 X 3) 196*36 


= 61*11, 


the distance from F to M. Although this calculation is simple? and extremely accnretc, yet the 
generality of practical men require rules that can bt? applinl without entering into the reasoning 
of the matter in every particular case and example. To suit this class of pracCitioners we will lay 
down one or two other methods of finding tho values of x and y. 

In Fig. 2666, by the use of the level 
and target-staff, as descrilKHl in Fig. 

2665, let the rise fitmi the centre stake 
F, in the direction F Y, be dcterniinwl ; 
wiiich represent bv the ratio t I 1 
That is,FW:\V Y’:t : 1. 

In tho same manner, by placing tho 
target-staff at Z, in the neighbourhood 
of K, find the fall from the centre stake 
F, m that F, K, Z, may be in tho same 
straight line, or nearly so; in general 
tenns this mtio may he W'prescntid by 
c to 1, that is, F It : R Z : : : 1. " 

Before going on tho ground to wd out side stakes, the linos of the figure H A B T) are known ; 
the horizontal half-hren<lth8 F I), F 11, are, fount! from tin* height FC, and the hreatlth of tho 
ronthvay A 11 Iwing given. When tho ])OHittons of II and I) are known, it is not iliftlcnlt to m*hrt 
srnne )K)ints, Z ami Y, near thtw to aset;rtain tho slojw of the gnminl. In finding the half-bniidths 
F D aud F H, the ratio of B I to I D is alsc* given ; this ratio may Ik* reprt'sented hy 1 ! n, that is. 



BI:ID = l:n; DX:NM = l:n; HL:LK = l:n. 
Put r = If Ti, then 1 :n::r:np = LK. 

Put H F = d = F D, the half horizontal breadth, through the centre stake F. 


e : 1 :: d-r : 
Again, put D N = then 


IzJ 

e 


= KL; 


rf — r d 

nv = and »* = : 

e n c + I 


1 : n :: s : nz = MN; 


and f : 1 :: d = M N. 

d -h ^ d 

nz = — - — , and z ; 


n f — 1 

From which the following simple practical rule may l>c deduced. 

ground rises from the centre, incrc^ast* the horizontal half-bmadlh, divtde<l by 
the half-hrea<lth by tho product (less one) of the numlN-rs that exprrnw the ratio of the rise aud tho 
ratio of the slope, aud the horiz^mtal distance of the sid<; stake is determined. When tho ground 
falls the centre, decrease the horizontal half-hreadth, by tho half-breadth divid<Hl hy the pro- 
duct (plus one) of the numbers that express the ratio of the rise and the ratio of tho sloix; ; and the 
horizontal distance of the other side stake is found. 

, . “ railway A B = 30 ft. ; tlip ImiRht C F = 20 ft. ; the iide ilopcs 

fci* V II J ^ 2 • * JL • ^ F to Y = I in 20 (F w : W Y : : 20 : 1 ). 

i he fall from F to D = 1 in 36; re<iuired the horizontal distances FN and F L, where the surfneo 
or the ground intersects the side Blof)eH of tlie railroa<l. 

41 . ^ ^ ^ ^ f ®’ **'‘**^ IjrPBdth mMiting the »ide einpcfi on a Iciel lino 

U ^ dietanoe F W may be measured in lengths E 0, 1* Y, when tho sarfaeo 

« ^ n = ■’2 FN = 28 72 foot. 

2 X 30 + 1 = 73, and H = -88, 28 - -SS = 27-62 s FL. 

i«o<Id^ i“ **••* *•“' !«•*««"• «'« 'Wo atekf* arc found in a few 

iTbJtm m.the r^ios of the slope,, and inolinatirm of tho ground, unity 

IS taken for the base of the aide alopos, but for ibo perpendicular of the rise or fall of tho grouade^ < 
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4 ho Burfaco from F to M 1 in 26J (FN : N M :: 2«i : 1); tho‘ri»e of the surface from F to K 
o bo the flame as the fall, which ib very often tho case. Eequire the horizontal difltaxuses F N 
and F L, where tho Borfaco of the ground will meet the rise and slopes of the r^. 


X 18 = 43 = PII. 


2CJ X I = 17| 
take 1 


43 129 

iSi 50 “ ~ 

43 129 

?o« = = 2-3, and 43 minus 2*3 = 40'7 = F,^. 

18| 56 

With embankments the rise answers to tho fall in cuttings, by inverting Fig. 2G63 it becomes 
Fig. 2GG4 ; houoo the rule given for cuttings is easily made to answer for embankments. 


B 

A 6 

/ ' 

C V 


> H 







In a cutting, Fig. 2668, pven tho broa<Uh of the roadway A B - 28 ft. ; the height C F = 20 ft. ; 
the ratio of thti sidt' slojx's 1 I i ; the inclination of the surface of the ground at the cn»88-Bection, 
taken by a thciMlolitc =r ir, that is. the niiglf M F 1> = HFK - 14^ Reejuired the horizontal 
distance EM and F L, where the surfacx^ <»f the ground meets tho side slopes. 

90^ - = 7(P. 

Tlie natural tangent of 1(P = 4 '010781, hence tho rise and fall of the sIoik) of the surface of 
tlic ground at the cross-section may lx? toktm os 4*01 to 1, 

H F = ^ + j 20 = 51 = F D. 

401 X J = 2005 54 

SubtracTt .. 1*000 POi^ “ 53*73 

j Add .. 54 *00 half-breadth. 


EM = 107*73 ft 


Again, 4*01 x } 
Add 


= 2*005 
.. 1*000 


54 * 00 half-breadth 
= 17*07 take 


3*005 

In an embankment Fig. 2669, given tho breadth 
of tlu^ roadway A 11 = 30 ft. ; the height CF = 12 ft. ; 
tho nitio of tho side slopes 1 : ; tlio elevation or in- 

oliiiation of the surfaev.) of tho ground in the d'rec- 
tion of tho cjross-seotion =' 3^, that is, angle K F H = 
l> r M = 3^. Iio(|uirod tho horizontal distances K M, 
F L, whore tho surface of tho ground moots Uio side 
b1oi»o». 90^-3^=r87 .* tan, 87*. ~ 19*081137. Honoe 
Iho rise and fall of tho surface from the centre stake 
F may bo ropresontcnl by tho ratio 19*08 to 1. 

30 4 

U F = ; + ~ x 12 = 81 = F D. 

2 3 

19*08 X I = 14*31 

Subtract .. 1*00 


Again, 19*08 x { 
Add 


54 

FL = 30*03 ft. 



14*31 

31 

2-33 

1*00 

13*31 “ 

13*31 


31 00 = FD 

83-33 = EU. 

14*31 

31 

2-03 

1*(K) 

15*31 “ 




31-00 = FlI 

15*31 




IHlTorencc 28 97 ~ FL. 
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The BimpUoity this plsn of putting down side stakes is appamit, and the formula ftom 
which it is aeduoM is easily rememioered. 


HL = — ^sd=FH. DN = -r^, : <I=FD. 

fitf+l ni — 1 



The horizontal half-breadth F D, through F, to meet tho slope of the cuttin;;, ih found as in tho 
former investigation, where the slope of the ground does not meet the roadway at either side of F. 

FD=s| + which put = d. 


The horizontal half-breadth FH, through F, to meet the slope of tho embankment Kli, is 
easily found when F D is known, fo'* 

HD = AB = 6,andHF = HD-FD = 6 -( 5 +-^=i--. 

’ \2 n 2 n 


which put r= 8 = H F. 


1 : n :: X : nx = NM. 


<f -f X 


- 1 


This result is exactly the same as that given before, for the increase of horizontal breadth in the 
case of a rise in cutting, or a fall in embwking. 


1 : n : : y : n y = K L. 

Again, / : 1 a 4- y : - KL; •• ory= * 


n < - 1 


which is a similar expression to that given for x ; tho only difference is that a ^ H F is put in 
the place of d = F I). 

Ax^impfe.— I^.t AB = 6 = 28ft.; rC = A =4ft.: the side slopes 1 :2(BI:ID:: 1 :2); tho 
ero68-sl^ of the ground 1.3 to 1 (FN : N M :: 13 : 1). Required the horizontal distanoes 
F N and F L where the slopes meet the surface. 

28 

FD = ^-|-Jof4=:16 = d. FH = 28-16= 12 = a. 


Siuoe » = 2,«d»=13, _^=.G4, «dj-^.^=-48. 

/. 16-64 =:FN 12-48 = FL. 

Example , — In Fig. 2671, the cmliankment M B Q occupies more than half the bottom width, 
as from B to Q. Let AC = 0 B = 14 ft ; FC = 4 ft. 

fl:lk::i3:i, hl:lk::i :2; 

as in the last example, required the horizontal distances from F to L and from F to N. 

28 

= y +ix4 = 16 = d, FH«28-16= 12«a. 
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16 

Sinee » = 2, and < = 13, ^ ^ ^ ■ 

Hence F N = 16-64, and F L = 12-48 fb 


2 X 18 - 1 “ 




Example. — In Fig. 2672 the embankment AQK oocupies less than half the bottom 
QtoA. LotAC = CE-14ft.; FC-:4ft.; 

FL:LK::i3:i; bi:id::i:2. 

Required the horizontal distancctf from F to L, and from F to N, 


width from 


FD= 2 +4 X4 = 16 = d; 

= -04, and = *48, 

2 X 13 - 1 ’ 2 X 13 - 1 

Example . — In Fig. 2673 the embankment QBM 
occupies iiinro than lialf tlio bottom width, from Q to 
B. LetAC=:CB=14ft.: FC = 4ft. 


F H = 28 - 16 = 12 = «. 


FN = 16*64, and FL = 12*48 ft. 


FL:LK.:i3:i; 


HL:LK::i:2. 


Required the horizontal distances from F to L and 
from F to N. 


Fl>=; +4x4 = 16=<i. 
2 



DN = x; 


FH = 28 - 16 = 12 =: 8 . 

= ~f_ \ = I 

7 } 88 in the foregoing examples. 

= -A-, = -48 


«^ = ^ = STri=«) 

PN = 16-64, and FL= 12-48 ft. 

Ily comparing the Figs. 2670 to 2673, and observing how the formulas 

* = -/-=DN, andy = „^, =HL, 


may be applied in every possible case, the sotting out of side stakes, when part of the cross-section 
is a cutting and part an emhankment. iK'conies « a>y 

Works relating to this sf^jcct: — Macncill, ‘Tables for the Calculation of Earthwork.’ 8vo, 1846. 
F. Bashforth, ‘General Table for the Calculation of Earthworks,’ J^vo, lSo5, 1>. Cuningliain, 
‘Tables for the Calculation of Earthwork,’ royal 8vo, 1867. (ircenlrnnk and I’igot, ‘Metrif-nl 
Earthwork Tables,' sr|uarc 16mo, 1867. J, C. Trantwine, ‘ On Excavations and Embankments,’ 
8vo, 186S. G. P. Bidder, ‘Earthwork Tables,’ 18mo. 

EMBOSSING. Fb., Art de travailler cn bosse ; GsB., Bossiren ; Ital., Imbozzarc ; Span., Beake. 
[See Arming Press.] 

EMBROIDERING MACHINE. Fr., Machine h broder; Gkb., Stickmaschine ; Ital., Macchina 
da ricatnare; Span., Mdquina para bordar. [See Sewinq Machines.] 

EMERY. Fb., kmcri; Qjcb., Schmirgcl; Ital., Smeriglio; Span., Esmeril. [See Polishing 
ANi> Grinding^ 

ENGINE TURNING. Fr., Travail au tour; Geb., Brechscln; Ital., Tomo ad omati geome- 
fn’ci; Span., (/«i7/ocAis. rS<M' Lathes ] 

ENGINES, VARIETIES OF. Bm, Machines; Geb,, Maschinen; Ital., Varicta dt macchinc ; 
Span., Ckses de mdquinas. 

Wo have Wforo stated that kindred articles, and those not complete in themstdves, may bo 
traced and combined by observing the refereiwH^s apiiended to such articles : thus, all that 
appertains to Steam and the Steam-Engine will bo found under tlie articles headed Boilers, 
Details of Enginrs, Gearing, iNDUiATciRS, Link-Motion, L<xx)motivks, Makine Engines, 
ParalIsEl Motions. Pumki and I^^mpino-Enoines, Si.ide-Valves, Stationary Engines; and 
in the present article under the appllation, Engines, Varieties or. SU^am-engines treated of 
in this piime have peculiar mechanical combinations and arrangements, or they are employed to 
effect particular objects which require special notice. 

The Corliss enf^ne, in all except the cylinder with its valves and valve-gear, is substantially 
the same as any ordinary steam-engine ; but it cmliodies in the arnuigemeut of the cylinder and 
» valve-gear several priuoiplee that hM provtously been used seisuratcly. 
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Firsts Independent ports nro used for admitting and for exhausting the steam at eaeh end of 
the cylinder, with four separate slide-valTee work^ from a single eooentrio. 

Beoond, the steam is out off from the oylinder by the main steam-yalves, without the employ 
ment of any supplementary valves for the purpose. 

Third, the steam-valves are opened against the resistance of springs, and a liberating gear is 
emj^oyed by which the valves are disconnected and left free to be closed by the springs. 

Fourth, alter the valves are closed, the springs are brought to rest without shock bj^ the 
application of the contrivanoe known as the dMh-poiy invented l>y F. £. Sickles. This consists of 
a small oylinder with closed bottom, in which a piston is fitted to work easily ; and by a suitable 
arrangement of opening the air is admitted freely to the cylinder while the piston is moving, 
except when it approa^es the bottom, at which time a certain amount of air is imprisoned, form- 
ing a cushion to prevent any shock when the piston actually reaches the bottom. 

Fifth, the spm of the engine is regulated bv the governor acting on the steam-valves to out 
off the steam earlier, instead of acting on a throttle-valve to reduce the pressure of the steam. 

It is the embodiment of these several principles, and the arrangement and construction of the 
details in ^e mechanism employed, rather than the application of any now or untried principle 
which constitute the special features of the Corliss valve-gear. 

Cylinders with four separate passages and independent steam and exhaust slide-valves wore 
used by Seaward previously, the valves employed l^ing fiat slides, but not worked in connection 
with any liberaticig gear ; and a number of marine engines were made on this plan. In the 
earlier Corliss engines, S<»ward’s cylinders and slides were used ; but the valve now employed is 
a cylindrical slide working in the arc of a circle on its seat, and receiving a rocking motion from a 
central valve-spindle. Although separate valves and passages were employed previously fr)r steam 
and for exhaust at each end of tne cylinder, the motion im]>arted to the steam-valves was 


and for exhaust at each end of the cylinder, the motion imi>arted to the steam-valves was 
invariable, and any expansion of the et^m was effected by the lap of the valve. The sjiced of 
the engine also had to be controlled by throttling or shutting off the steam with a supplementary 


valve; and in this respect the first step in advance is made in the Corliss gear by the addition of 
the principle of liberating the steam-valve. With the employment of liberating gear it becamo 
necessaiT that an independent force should be available for closing the valves when they were 
detached, and for this purpose weights were first used ; but springs have since been substituU^ 
for the weights, because they are quicker in action, effecting a sliarpcr cut-off, and are iKdter 
adapted for quick working. Liberating gear for the steam- valves was indeed use<l by Watt, so 
that the principle may be considered almo^ as old as the steam-emgine itself; but in VTatt’s time 
it was more frequently for opening than for closing the valves that the weights used in tiint 
method of working were employed, and as might be expected tlie mechanism was not very' jierfuct 
in its details. At that time the drop or poppet valve was used for the i)nr|)oso. 

To F. £. Sickles, of New York, is duo the ertidit of pcrfoc^ting the liberating gear as applied 
to the poppet or the double-beat valves, in the cut-off gear which l>cars his name. In this valve- 
gear, which was introduced in 1841 in Americ^ the dash-pot is a{)plied direct io the valve itself, 
to arrest the progress of the valve and prevent it from striking on its scat. It should be observed 
that there is an essential and important difference between the use of 
drop-valves and slide-valves, in connection with liberating valve-gear ; H 

for in the one case the dash-pot is applied to arrest the valve itself and 
prevent it from striking on its seat, but in the other it is only required 
to prevent the concussion of the weight or spring that is us^ to close 
the valve. If the drop-valve, in order to prevent concussion, is made | 

to fall slowly just as it approaches its seat, it is evident that there must a 

be a certain amount of wire-drawing of the steam ; whereas wiih the J ^ 

slide-valve the motion of the spring or weight which closes it is not Q 

arrested by the dash-pot till afti the valve is closed and the steam com- n — > \\ 

plctely cut off ; hence while the cut-off with the slide-valve most be per- ^ 

feet, with the drop-valve it must at best be to a certain extent imperfect. J| j ^ 

Kcgolating the speed of steam-engines by connecting the governor ^ ^ m yA 

to vary the degree of exransion, instead of throttling the steam, was ad- |jA 

vocat^ if not practised, by Watt, and many different arrangements have 
been invented and applied for effecting this obiect. In the Corliss ox- 

{Minsion ^car the governor is connected to the cli|)s used to liberate the ® STa 

steam-valves, and according as the pressure of steam in tiie boiler or || 

the load on the engine varies, the supply of steam to the cylinder is /vQ 

cut off at an earlier or later period of each stroke; so that the speed of // 

the engine is kept uniform, without the addition of any throttle-valve I 

in the steam-pipe. While the steam-valves are thus coutroUcKl by the / ^ 

governor, and caused to close at an earlier or later period of the stroke . // 

to rait the varying conditions of the steam-pressure or load on tiio y / ^ 

engine, the exhaust-valves liavo an invariable motion, and are opened 

and closed at the same point of the stroke, whatever may be the degroo 

of expansion. 

The disconnecting Talve-gear for working the stoam-valves, as origi- f h ] J ^ 

nally introduced by Watt and applied for the purpose of oj^ning or i j 

closing poppet-valves, is shown in Fig. 2(574. It was usual in this ^ 1 1 

gear to communicate motion to the valves by a rod A called a plug- r ~ ® 

tree, attached to some moving part of the engine, generally to thelnBHflHilH 
beam ; on this rod wero fitted tappets B B, to open or close the valves 

wiien moving in one dlrc^ion, anci when moving in the opposites dircctitm io trip or Ubemte ttiCn 
catches and allow the weights to act for either cloeiiig or opening the valves as might bo avrangod. 
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The drawing shows the plng-tree A with its tappets BB, the Talve 0, the catch D, and the 
curved lever E for tripping the catch, the weight F for closing the valve, and the dash-pot Q 
f>r bringing the weight gradually to rest when dropped. All the details are rude and clumsy, 
out it can be seen that there is in this arrangement the germ, so to speeik, of the Corliss expan- 
sion gear. 

In Fig. 2675 is shown the arrangement of gear employed in the earlier Corliss engines in 
America for actuating the steam-valves ; and the contrivance used for tripping or liberating the 
catch, in connection with a governor, to produce the sudden closing of the valves. In this 
arrangement a weight H was used, attached to a lever on the valve-spindle I, to supply the 
external force for closing the valve when the catch K was liberated, the weight falling in a dash- 
pot similar to that in Watt’s gear. This plan was improved several years ago by Corliss, who 
then introduced an arrangement in wliich the catches push the valves open instead of pulling 
them, and the valves are closed by long blade-springs fitted to vibrating levers. The tripping of 
the catch is effected by curving up the back end at K, and this end when moving forwards comes 
into contact with a plate L, which is acted on by a rod M connected with the governor; the rod M 
carries an incline, which raises or lowers the plate L according to the changes in position of the 
governor balls, so tiiat when the plate is lowered by the governor balls flying out m consequence 
of excess of speed, the catch K is tripped sooner, and reduces the supply of steam to the engine 
by cutting off the steam earlier. A few engines fitted with this arrangement of gear were made 
in this country some years ago, bat the plan appears to have since fallen into disuse. 



The present improved construction of the CorliAs engine is shown in Fig. 2676, which is a side 
elevation of the cylinder and valvo-gcar of a small horizontal engine made by Hick Hargreaves 
and Co., of Bolton, for tlio Royal Arsenal at Woolwich, from designs by William Inglis. This 
engine, which has 12-in. cylinder and 2-ft. stroke, works at 100 revolutions per minute. The cylin- 
der is shown in transverso section in Fig. 2677, and in longitudinal section in Fig. 2678. The 


28T7. 2678. 



stesm-valveB A A are placed on the top of the cylinder, and the exhaust-valves B B at the bottom, 
•separate pipes leading foom them at each end of the cylinder. The steam-valves are dosed by a 
ai^g dfuih-pot CO^ which pulls upon each valvo-rod as it is drawn out; and the liberating gear 
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oonsists of a pair of side spring-islips D D, which are released bj the rooking of a doable toe«lever 
£ £, fuid then allow the steam- valve to be closed by the action of the spring the spring-clips and 
toe-lever, and the valve-gear generally, are similar to those afterwaras described in the Saltaii^ 
engines. The valves are cylindrical on the face, being similar in action to ordinary slide-valves, 
but working upon a cylindrical instead of a flat face; the valve face is a longitudinal segment of 
a cylinder, having recesses on its inner side, into which drop the projecting arms of the valve- 
spindle, so that the valve is moved by the pfurtial rotation of the spindle in opposite directions 
alternately. The pressure of the ste^ on the valves tends to press them up to the face, only 
when the ports are closed; so that when the ports are opened, the valves move with practically no 
friction from the steam-pressure, and thus the pull rer|uirod to close the steam-valves is small, and 
is practically independent of the pressure of the steam. 

The cylinder is steam-jacketea both on the body and on the ends ; and an improvement in the 
construction of these cylinders has recently been introduced by the writer, considerable trouble 
having been experiencea in getting the jacketed cylinders sutBciently hard when cast in one piece, 
on account of the risk from cracking if cast with hard metal, and also in consequence of the anneal- 
ing process that takes place during the cooling of the castings. The improvement consists in 
making the cylinder ana valve-oheat in four distinct pieces, with flanged face-joints F F to connect 
all together, as shown in Fig. 2678. The cylinder and the steam-jacket are two ooncentric castings, 
fitting one inside the other, with a flange F P upon the jacket only ; and a separate casting at each 
end forms the valve-chests above and below the cylinder, with a ring ooiineoting the two valve- 
ohests; the end of the cylinder is fitted into this ring, and the cylinder cover is fixed upon it. ull 
the fitting surfaces being turned and bored. The separate castings are thus rendered c^uite simple, 
and can bo made of any degree of hardness without risk; while the flauged face-joints provide 
security against leakage, much better than if the inner cylinder were simply let in, with slip 
joints parallel to its bore. A saving of time in making can also be effected, os the work on the 
separate pieces can be proceeded with in several machines at the same time. 

Figs. 2679, 2680, show a front and side elevation of one of the now cylinders with the imprr)ved 
Corliss expansion gear that have recently been erected at Saltaire by Hick Hargreaves and Co., 

967S 2680 




from dmgns by Wm. Inglis. The engines are beam-engines coupled together, with 50 in. cylinders 
and 7-ft. s^ke, working at thirty revolutions per minute. There are two ^Irs of engines to be 
^placed, four cylinders in all, and the new cylindeni have been nut in place and now completed 
for one pair, are the same size ; the previous cylinders had oouble-b^t valves actuatea by a 
^m-wtion. Fig^681 to 2683 are vertical aud horizontal sections of one of the cylinders, show- 
ing the valves. The cylinders and cylinder covers are steam-jacketed ; and the valve-chambera 
are oa^ with the cylinders. The steam-valves OC are in front and the exhanst-valves D D at the 
ij^k of the cylinder, and the valve-g(»r is placed on the sides of the cylinders between each palt 
^ engin^. The steam and rahaust passages E £ are cast separate from the cylinder, and ^ 
^ded with es]»n«ton jotnU F F, «howt, in Mrtion in Fig. 2681. The valve* are ovliodrioal on the 
face, similar in construction to those ol the Woolwich engine prevfously describe. All the four, 
valve* are opened b> ibe eooentno rod 1 . Fig 2C80, acting on an oeeilMing due U, to wbloh tht 
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four ybIvob are coimeoted by rods ; the exhaust-valves D D are also closed W the same means, but 
the steam-valves C C are released, and are closed by an air-spring P. Tne stop-valve G in the 

r am passage is similar in make to the steam-vulves, and is opened by a worm and worm-wheel 
regulate the supply of steam; but it can be closed suddenly on any emergency by means of the 


3681 . 



3682 . 



Icvor-liandlo H, which is keyed A Ih 

u)ion the valvo-spindle, and is con- BIB I - I 

mvtc^d to the worm-wheel by a I H 

detent that can be instantly dison- ^ I D ^ 

gagctl, the worm- w'heel being loose PB " 1^^ 

u|Mnj the valve-spindle. A small . fl-— - K nil® C 

ausiliarv conical stop-valve I ' 

<>pencd oy a screw handle is cm- iTp 

ployttl fop turning on the steam i 

gmdually at starting, to relieve the ' Txr+ S 

pressure on the main sto^valve G. " " Hj/lB [ 

Th<» construction of the lik^rat- E— I F T 

ing viilve-pod introduced by SjxjncAT ^ I L ^ J 

and Inglis, for the disenpiging gear I a I v r 

to release the steam- valves, is shown ■I I® ° 9- 

in Figs. ‘2tJ84 to 2686. The valve- J | ^ 

p«k 1 is divided into two portions, one I 

sliding Ht<^idily within the other at I 

th» cylindrical part A A; and the I 

two are held together by the pair of I 

spring-cliiMj BBfixoii on one iwr- I 

tion, which rent on corresponding I 

shoulders 0 C on the other portion ^ 

of the valve-rod. The clips are re- p ^ O 

leased by the double tcMi-levor D, ^ ^ 

which rooks upon a trans verso 

centre pin, and is shown in its two ^ ^ 

extreme positions in Figs. 2684, j ; 

2685 ; the outer end K of the arm | I 

of the toe-lever being held bv the IjL^J 

rod L, shown in the general draw- 003 

ing, Fig. 2680, the toe-lever D is j T 

matle to rooJc in each stroke of the I^J 

valve-rod, and the iiartioular point 

, of the stroke at which the toe-lover roaches its extreme position and disen^^es the sprinj^-dipB 
B B is determined by the position of the end K of the toe-lever arm, which is not stationary^ 
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but is acted cm direct by the governor through the rod L. By this means all changes In position 
of the governor balls produce corresponding changes at the same time in the positmu of the 
fulcrum UTOU which the toe-lever acts, causing the i^ease of the spring-clips to be earlier or later 
in the stroke, according as the speed of the governor is greater or less than the correct rate, and 
thus regulating the engine by cutting off the steam earlier or later accordingly. The disengaging 
rods L L ftom the two steam-valves are coupled together by a pair of toothed segments M M, 
shown in Fig. 2680, and also in the enlarged drawing, Fig. 2687 ; and the rod N, Fig. 2680, con- 
nects these with the governor. The spring-clips B B fall upon leather faces O O, to prevent any 
blow in closing ; and the engaging edges of the clips and the shoulders are hardened steel faces 
let in and readily renewable. 

The air-spring dash-pot P for this gear. Pig. 2680, is shown enlarged in Fig. 2687, one half in 
section. It oonEurts of two cylinders, one within the other; the largo cylinder has a loose-fitting 
piston B R, and the small 
cylinder a tmnk piston 
cS fitted with metallio 
packing ; the under-side 
of this trunk piston is in 
connection with the con- 
denser. The pressure of 
the atmosphere is there- 
fore constantly pressing 
the small piston in, and 
this forms the spring for 
instantly closing the 
steam-v^ve when libe- 
rated from the clip-rod ; 
the largo piston R is 
conpled to toe small one 
8, and acts as a dash-pot 
to prevent concussion in ^ 

closing the steam-valve, 
as the air below th 
loose-fitting la^e piston 
R has to be driven out at the moment of closing the valve. 

The Allen. Engine and Goterw^, — C. Porter, in the Proceedings of I. M. E, Justly cheerven that ibo 
principal objects to be aimed at in carrying out expansion in a sti^m-engine, so as to effect the greatest 
economy, may be stated to be ; — ^that the full Ijoilcr-prcssure should be carried into the cylinder at 
the commencement of the stroke, and maintained up to the tmint of cut-off; — that the cutnoff should 
be sharp, without reduction of the steam-pressure by wire-^wing ; — and that the exliaust should 
be invariable, allowing the steam-pressure to act to the end of the stroke with ^1 degrees of expan- 
sion, and discharging the steam with the least loss from back pressure during the return stroke. 
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valre worked with a continuous motion. Many Ingenious constructions of liberating valve-gear 
have been invented for effecting this object ; and amongst them theCJorliss engine, described, 
ha# been found to accomplish the desired end very successfully. 

In the Allen engine, however, the preceding requirements are met by a direct continuous action 
of the slide-valves, which gives a sharp cut-off to the steam admitted at full boiler-pressure, and a 
high range of expansion, together with a very free exhaust. At the same time this arrangement 
obviates the objection attending the principle of a liberating valve-gear, namely, that the speed at 
which ttie engine can be worked is limiteil by tlie circumstance of the valve having to be discon- 
nected from the driving gear and connected again at each stroke of the engine. The Allen engine 
admits of being worked at a very high speed, much higher than is usual in stationary engines ; and 
it maintains complete steadiness of motion at this higii speed, combined with a great uniformity In 
the driving power throughout each revolution, although the steam is admitted at an unusually high 
pressure at the commencement of the stroke. 

The engine is ropresenhid in Figs. 2h88, 2089, which show a side elevation and plan of an 
engine with cylinder of 12 in. diameter and 24 in. stroke. This engine was employed at the works 
of the Whitworth (>>mpany, at a constant speetl of 200 revolutions a minute, or 800 ft. a minute 
speed of piston, driving a considerahlo portion of the machinery in the works; and a similar engine 
was worked at the Paris Exhibition, running at the same sjMted. The engine is horizontal, fixed 
upon n b(id-plate, and working an air-pump direct from the ijiston-ro<l, w'hich is prolonged through 
the outer end of the cylinder. The slide-valves art? worked by a link-motion, w'hich is controlled 
entirely by the governor, giving a variable degree of expansion according to the amount of vrork 
to be done by the engine : but the steam is always admitted to the cylinder at full boiler-pressure, 
withrmt passing through a throttle- v.'ilve. 

nml VtUve- Motion . — The steam slide-valves are shown in the longitudinal and transverse 
sections of tlie cylinder. Figs. 2090, 2091. The steam-valves are independent of the exhaust- 



valves, and two sepamte valves are employed, 
one for each port. The two steam- valves E E are 
driven with se{Mimto motions, inde|>c*ndent of each 
other, so as to (‘ffwt a slmrj) cut-off at each end 
of the cylinder by th<' rajiid motion of each valve 
at the |s>int of closing tlic jv>rt ; the motion of one 
valve being rapidly acech rab d at the jioint of cut- 
off, at the same time that tin* other valve is greatly 
retarded. Each steaiu-viilve consists merely of an 
open rectangular frame sliding between two paral- 
lel faces, wluch are fixivl, so that the* valve is in 
equilibrium and its niotifui is not alfiH'ted by the 
pressure of the steam. The outi*r face F. against 
which the Imck of the valve Hli<le8, is a rigid plate 
bridging across the port and fixed down solid to 
the port face; and it is adjust ikI so as to allow* the 
valve to slide freely, but witli so gooii a fit as to l>e 
steam-tight. The travel of the valve in c»pening 
extends beyond the two faces, so os to admit the 
steam to the j)ort at four places simultan<H>usly. as 
shown in the separate diagrams. Figs. 2709, 2701, 
in which the length of the valve-rods and the 

distance between tlie valves are shrrtened for oonvenienoe in the diagram. In Fig. 2700 the steam 
is shut off from the nearer port ; and in Fig. 2701 the farther steam-valve is showm at the point of 
opening the port, just previous to the oommenoement of the stroke, the crank being at that moment 
in4he position shown oy the dotted line. 

In order to maintain the proper working of these valves, the back plate F, Figs. 2690, 2691, is 
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made very rigid, so as to prevent any yielding under the pressure oi the steam : and the entire plate 
with its side supports ^ing surrounded by the steam is oonsequently exposed to the same expansion 
as the slide-valves In order to provide the means of adjustment in case of anv wear, a packing sf rip 
is inserted on each side between the back plate and its side supports ; so that by reducing the thick- 
ness of these packing strips the two faces can be readily let together at any time to fit the slide- 
valve. The wear is found however to be so exceedinglv slight, on account of the absence of pressure 
on the rubbing surfaces, that there is no probability of any adjustment being required ofteuer than 
once a year. 



The exhaust- valves G G are also two separate valves, as shown in Figs. 2090, 2691, and In the 
diagram. Fig. 2702 ; but they move together and are driven by the same valve-rod. These slide* 
valves are of the ordinary form, and work in separate chamhem, beiwr3en the stefitn-valves and the 
cylinder; they travel Imyond the nort face, so as to open for the exhaust at the two edges simiil* 
taneoosly. As the steam-valvee, nowever, open al four places siinultaneoiisly, the exliaitit-ealTee 
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are made of nearly double the width, as shown in Figs. 2C91 and 2093, in order to give a correspond- 
ing^ea of opening ; and the extent of their motion is such as to give an area of opening for release 
of tne steam more than double the largest area for admission. These valves work in e^Luilibrium 
through most of their stroke. 





Although there are thus four separate valves for the steam and exhaust, the motion of all of 
them is obtained from a single eccentric, which is fixed on the crank-shaft in the same position aa 
the crank, and without any lead, as shown in the dia^m, Fig. 2703. The eccentric is shown in 
Fin. 2697 to 2699, and has a curvtd slot in one side of the strap, which acts as the expansion-link; 
and it is guided in its motion by being connected to tlio upper end of the vibrating lever H centred 
below. Two valve-rods, I and J, are connected to the same slide-block in the link, and attached at 
the other end to two separate bell-crank levers upon intermediate rooking shafts, as shown in the 
diagrams, Pigs. 2700, 2701. One of tlieso rocking shafts is made tnbular. with the second running 
t^ugh it, as shown at K, in Figs. 2098, 2099, so that the two shafts work independently of each other. 
The second arms of the two bell-erank levers are connected respectively to the two steam-valves, 
Pigs, 2700, 2701. The sUde-blook in the exiiansion-link is carri^ by two side links from the arm 
of tl^ ^vemor, as shown in Fig, 2688, so that its position is regulated entirely by the governor, the 
blocK being lowered so as to out off the steam earlier whenever the governor balls begin to fly out 
in consequence of any increase of velocity. 

4 X 2 » 
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The motion of the exhaust-yalyes is invariable, and they are oonneoted direct to a point L, 
Figs. 2697 and 2699, beyond the outer end of the link-slot. A greater travel is thereby given to 
the exhaust-valves, as shown in Fig. 2702, than the greatest travel of the steam-valves ; and this 
motion is continued the same during every change of expansion produced by shifting the slide- 
block from which the steam-valves are moved, so that the exhaust continues equally free with every 
degree of expansion. The point of conniption to the link is so placed as to give the required lead 
to the exhaust-valves, and is arranged beforehand to suit the intended speed of piston. The 
exhaust valves arc driven through an intermediate rocking shaft M, Fig. 2699, for reversing the 
motion obtained from the eccentric : and a pair of valve-spindles are used, one at each edge of the 
two valves, as sliown in Figs. 2691 and 2693, and working within the intermediate exhaust-port, 
Fig. 2690. The spindles are guided at each end, and each valve is connected to them by two studs 
tix^ in the valve, which fit into slots in tlie spindles, working clear within the opening of the pirts, 
Figs. 2690, 2691, and 2702. In the case of the steam -valves, as the two valves have independent 
motions, the spirulle for driving the farther valve passi's free through a short tube in the lower side 
of the nearer valve, Fig. 2691 ; the two spindles are made to clear each other by the valves being 
placed out of line with each other, as shown in the elevation of the sioam-port faces. Fig. 2692 ; 
the spindles are kept central in each of the valves. 



2703. 



All the valves are rearlily accessible by simply removing the nuts of the steam-chest cover N, 
Figs. 2690, 2691, as the Hteam-ehest is not cast wdid upon the cylinder, but is a w^parati* rectangular 
frame ( 1 0, fitted down with a scrapi^l joint on l)oth facofi, anif seeurid by the same tlirough-bolts 
that fix the cover N. This construction has the important pra' tleal advantage that the stcam-chest 
can l)e entirely removM, and all the yiort face.s can l>e readily got at like plain outside surfaces. 

In tliis valve-motion the pro{)ortion )x?tween tlie throw of the eccentric and the length of 
eccentric-rod, or the distance from the centre of the eccentric to the ceritn^ of tlie link, is made the 
same as the proportion between the main cmnk and the connecting rod, which in this engine is 
1 to 6, or the length of connecting- rml is lliree times the stroke. Consequently ns the eccentric is 
set exactly to correspond in position with the crank, the angular vibration of the one compensates 
for that of the other, and an exactly correct valve-motion is obtained, giving the same results for 
each end of the cylinder, A considerable dificrenee ofbm exists in the indicator figures taken from the 
opixwite ends of a cylinder, In consequence of the discrepancy between the motions of the ormnecting- 
n*d and the eccentric-rod ; and the difference in speeil of piston during the first degree of rotation 
® extr^ opposite ends of the stroke amounts U 28 per cent, of the highmoeed 

when the c^necting-rod is six times the crank, 83 per cent, when five times, and 40 per eenl when 
four tunes iheorank. Insnobcases, therefore, the fsiint of cut-off is not the same In tWtwoatiokes 
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of the piston ; but in the present eninne the two strokes are identical throughont, in oonseqnenoe 
of the eooentrio and connecting rods having exactly parallel and simultaneous motions. 

^’he c/innection of the expansion-link to the steam-valves by the intermediate bell-crank levers 
introduces in effect a togglo-ioint movement, which has the important advantage of allowing the 
length of the valves to be reduced very considerably, because more than half of the lap or useless 
motion of the valves after having covered the ports is dispensed with by their motion being greatly 
retarded at that time ; whilst the opening for steam admission is correspondingly increased by the 
motion of the valves being accelerated at the opposite extremity of their travel. This variation in 
the motion is shown by the diagram of the link-motion in Fig. 2703, and also in Figs. 2700, 
2701, together with the varying angular motion of the bell-crank levers on the rocking shaft, the 
reference letters indicating corresjwnding positions throughout. The result is seen to a very 
great range or variation in the motion of the valves, giving on the one hand a wider steam opening 
and a sharp cut-off with high degrees of expansimi, and on the other hand a very slow motion of 
the valve (luring the time that it is simply retaining the ])ort closed. The whole action is obtained 
with a continuous and perfectly smooth motion throughout. 

In the adjustment of the centres of the link-motion, the (jentre of the supporting lever H, 
Fig. 2099, is slightly lowered, so that its up|jer end vibratos entirely below the centre line, as 
shown in Fig. 2703, in order thereby to erjualize the extent of tipping of the link at the two extre- 
mities of its vibration. I'his gives a slightly increased lead to the steam-valve opening at tho 
farther end of the cylinder, where the motion of tlie piston is the more rapid on acx’ount of tin; smaller 
arc of rotation of th(‘ crank ; but the |)oint of cut-off of th(‘ valves is exactly the same at the oppo- 
site ends of the cylinder for each dt^gree of expnn.sion, and the point of cut-off (5an be varied from 
1 *^ of tho stroke to the very commencement of the stroke. 

For the purijose of obtaining the full benefit of exjiansion. it is riNjuisite, in addition to having 
the full boil(^r-pr(;s8ure in the cylinder and providing a sharp cut-off, that siiperheati d steam should 
bo used, in onler not only to prevent water from })eing carried over into the cylinder with the 
steam, but also to prevent any loss arising from the freshly admitted steam beccmiing condensed 
in the cylinder by contact w'itli the cylinder surface which has been cooletl in the previous expan- 
sion. Al)out t50^' Fahr. of HU[>erheating is found desirable ; and this proves a more efficient mode 
than steam-jacketing, bwause the suiK^rheated steam on admission into the cylinder supplies heat 
to the very surfaces that have been cooled by exfiosuro to the low-pressure expanded steam. 

SfWi’d of J*iston. — Om? of the objiN'ts ainuHl at in this engine is to work at speeds considerably 
higher than those ordinarily used in any but locomotive engines. For the following reasons it is 
C!onsi<lered that the sfHjed of piston shouhl not be less than GOO ft. per minute : but these engines 
have Imm'U worked continuously at the higher speed of 800 ft. per minute with (Himplete success, 
and it is believed that still high(*r speeds may in some cases be employed with advantage. Tho 
valves and tho whole of tho working parts are so well adapted to maintain a high spetd, that tho 
practical iibjw'tions which ordinarily limit tho speed of piston to lower rates do not apply in the 
case of tlie priisent (‘iigine. 

The princijMtl objwt in ailopting the high speed of piston is to obtain a sufficient reciprocating 
force in the moving parts for lialancing the* initial force of the steam ujion the piston when admitted 
at full laiiler-pressure at the (commencement of the stroke, so as to relieve the crank from strain on 
passing the e^tuitres ; and also to (Mpinlize more fully the driving force u))on the crank during tliO 
entire stroke. At the comiiieiicenieiit of each stroke, an accelerating force is rcHpiired sufficient to 
put in motion tho mass of the reciprocating jmrts at the vehx'ity at which the piston moves from a 
stat(j of rest ; and the speed of pi.ston is adjusted so as to make this retjuired force as great as tho 
actual full force of the sttiiiu ujk)u the piston when admitted at the boiler-pressure, so that the two 
f(»rees are in e<]uilibriuin at that |Hunt and the crank-pin istlu^reby relieved fn>m strain when pass- 
ing tlie centre. This neceh'rating force imparttHl to the piston at the commencirment of the stroke 
is given out again during the rctanlation of the idston in the latter half of the stroke, and thus 
eomiwnsates for the diminishing driving force of tlio expanding steam, and acts to etpialize the 
driving {K>wor upm the crank. A similar action takes })lace in all cngiiu's, hut at the speeds of 
piston ordinarily empb»yod its extent is too small to produce any material effect ; and it is only 
with a high siHNtd that the effect laromes imjx^rtant, since the force required to put in motion or to 
stop the reciprocating parts increases as the square of their velocity of motion. Where a high 
Bpe^ is coinhin(Hi, as in this engine, with an unurual wc^ight of the reciprocating parts and a short 
stroke, the inertia of these jarts acts as a powerful reciprocating fly-wheel to equalize the driving 
power of the engine throughout tlie revolution of the crank. 

In tho present engine tho weight of the recijirocating parts is 470 lbs., the cylinder 12 in. 
diameter by 24 in. stroke, and tlie numlior of revolutions 200 jier minute, or one revolution in 
0*8 second. Taking tho motion of the piston in the first degree of revolution of the crank at the 
oommcncemont of the stroke, the extent of motion will be the versed-sine of an angle of I"" with a 
radius of 1 ft., or 0*000152 ft. in the time of of 0*3 second, or second ; which is equiva- 
lent, as regards the accelerating force rc<|uired to produce it, to a motion of 219 ft. in one stetmd, 
the space passed through under a uniform accelerating force being in proj>ortion to tho square of 
the time. This motion of 219 ft. in one second is 13*7 times the effect of gravity (16*08 ft. in one 
second); and oonsoquently the force required to impart the veliwity amounts to 13*7 times the 
weight of the reciprocating ports (470 lbs.), making a total force of 6439 lbs,, which is equal to a 
pressure of 57 lbs. per square inch upon the area of the 12-in. piston. It follows, therefore, that 
the steam at the full pressure of 57 lbs. may be admitted suddenly to tlie cylinder at the oom- 
menoement of the stitwe, without causing any strain upon the^ crank-pin; and indeed this full 
pressure is absolutely recniired uixin the piston at that moment, in order to prevent a strain in the 
<^ 90 Bite direction npon the crank-pin from the inertia of tlie reoiprocatix^ in* 

For carrying out a high degree of expansion a high speed of piston is essentially reqniMte, in 
order tlmt a sufficient amount (ff equalixing effect may be obtained from the inertia of the re» 
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oiprooating parts, to oompensate for the extreme variation in steam-pressure which is oonseqnent 
upon an early cut-off. Indeed, in consideration of smoothness of running, the engine should^ be 
run so fast that the driving force produced by the highest pressure of steam cannot exceed the 
inertia of the reciprocating parts ; and then a knock upon the centres becomes as impossible as it 
would be in a revolving sling. 

A high 8{>cod of piston is also advantageous on account of the reduction in size of engine 
required to supply a given amount of power, whereby an important saving in space and cost is 
effected; and also on account of the increased uniformity of motion obtained with the higher 
speed. Taking the case of a single engine in place of a pair of coupled engines running at half 
the speed, the strokes are as frequent as those of the pair of engines, while the inequalities in the 
rotative force are not much larger, owing to the great equalizing effects of the inertia of the re- 
ciprocating parts at the high «j)^. Moreover, as the regulating power of the fly-wheel increases 
in proportion to the square of the number of revolutions in a given time, the same wheel has four 
times the regulating power when run at double the speed. 

The practical objections generally considered to apply to a high speed of working are, increased 
wear and tear, risk of hot bearings, cutting of the cylinders and pistons, and shaking loose in iho 
fixings. But instead of any difficulties of this kind having been experienced, this engine runs 
smoothly and quietly, without tremor and without warming in the bt'arings, running continuously 
without requiring attention, and showing c‘xcecdiiigly slight wear in the cylinders, valves, and 
bearings. This result has been attaiued simply by good mechanical construction and workman- 
ship; avoiding any unbalanced action, overhanging strains, insufficient stiffness of framing, 
inadequate lx»ring surface, or want of truth in workmuiiHliip. Unless all these conditions are 
carefully attended to, high speed is certainly not practicable; but when they are thoroughly 
carried out, no difficulty is experienced in working at any desired s|)eed. 

In the previous consideration of the effect produced by the inertia of the reciprocating parts, 
this has l>een taken as the same at each end of the stroke ; but in rt'nlity a considerable difference 
is caused by the angular motion of the connecting-rod at the two ends of the stroke ; and the actual 
motion of the piston during the first degree of rotation of the crank. Instead of being 0*000152 ft. 
at each end, is 0*000178 at the outer end of the stroke, and only 0 000127 at the inner end. 
Consequently, from this approximate mode of calculating bv the differtuice in motion of the piston 
during the first degree of rotation from each end of the stroke, the pressure* on the piston rtxniircd 
to Imlance the inertia. Instead of being 57 lbs. an inch at lx>th ends, as nanud Wforc, would bo 
66 lbs. at the outer end and 47 i lbs. at the inner end. In the case of inverted vertical engines, 
the weight of the reciprocating parts acting vertically tends to equalize these amounts, by being 
added at the outer or upper end and deducted at the lower end. For this reason, and on account 
of the more correct support of the cylinder and the absence of overhanging strains, that form of 
engine seems preferable for the highest speeds. 

Condenser and Air- PumfK — In the arrangement of the condenser and air-pump the object has 
been to meet the difficulty of combining tno advantage of a simple direct-acting air-pump with 
the very unusually high sjwcd of working, 200 revolutions per minute. This h is been effectid 
with complete success by the construction adopted ; a vacuum of 27 in. of mercury is maintained 
with great steadiness, and the air-pump works quite quietly and without noise at the full speed, 
and keeps thoroughly in order without requiring any attention. 

The air-pump, as showm in Figs. 2r,88, 2689, and in the transverse section. Pig. 2694, is a 
nearly cubical box filled with water, with a plunger working through a stuffing-box in the lower 
part ; the plunger is attached to the piston-rf>d and forms a continuation of it. The end of the 
plunger is made of a parabolic shape, as shown in Fig. 2688, for displacing the water easily ; and 
the plunger wrorks entirely immersed in the water, simply displacing its own bulk of water at 
each stroke. 

The inlet and outlet valves are all placed in the top plate of the box in two parallel rows, 
three inlet- valves in one row and three outlet- valves in the other, as shown in the* plan, Fig. 2689. 
They are iudia-rubl>er disc-valves with 8 in. diameter of opening, Fig. 2694, and slide parallel 
upon their centre spindles without any bending of the in(ua-rubl>er, l>eing fitted with a metal 
plate and a long centre bush to guide the disc.M steadily in opening and cbjsing, and to prevent 
any wear upon the edge of the india-rubber. The lift of the valves is about } in. ; and in order 
to obhiiu a quick action in closing they are closed by spiral springs, which load the valves to the 
exhmt of \ lb. f>er s<|uarc inch. Thesfj springs arc found necessary upon the f)utlet-vnlves as well 
as^ the inlet, in consixiuence of the quickness of the action required to close them 200 times jkjf 
minute ; and it was found that even at the 8fKH*d of 120 times {)cr minute there was a loss of I lb. 
per inch in the vacuum when the springs were not used, from the valves not closing promptly enough. 

The condenser forms one lialf of the chambisr above the air-j>iunp, and the hot-well the other 
half, as shown in Fig. 2694. The injection is iiitrcKluced by a single oixming in the contre of the 
condenser, with the full area of the pirx*, in order to avoid any rist of the }njrs3tion-o|X!ntrig 
getting oontractfjd by accnmulation of dc'fKwit in a spreader or rose ; and it has Inien found tliat 
no perceptible difference is C4&usef] by this arrangement in the vacuum obtained with the injfjction. 
In cqnseriuence of the position of the valves in the top plate of the air-pump chamlHjr, the air 
entering from the condenser does not puss through the water, but simply passoM over the surface 
of the water from the inlet to tiie outlet valves: and the water rising up to the outlet-valves at 
each stroke ensures the discharge of the whole of the air. As no air gets to the lower portion of 
the air-pump ciiamber, the plunger works always in solid water, avoiding any churning action 
of mixed water and air ; and indetid the effective piston of the air-pump miiv be consldorifd to be, 
not tlio plunger, but the surface of the body of water that always remains in the air-pump chamber, 
wliich ris<;s and falls at each stroke of the pump tlirough a dtetanoe of leas than 1 in. tlie 
working velocity of the air-pump piston is therefore reduced in effect to <^y about 80 ft per 
minute, instead of 800 ft. per minute, the actual velocity of the plunger. 
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For the purpose of facilitating the passage of the air from the inlet to the outlet Talvea, the 
former are set at a small inclination below the horizontal position, as shown in Fig. 2694. The 
i^ngement and position of this condenser and air-pump are very convenient for access to all 
the p^B, the whole being above ground and at the level of the engine. It is held steady in its 
position by a oonnocting-tie to the frame below and by the fixing of the exhaust-pi^ above ; and 
it serves as an additional guide for the smooth working of the piston-rod beyond the cylinder. 
The weight of the plunger moving at the full velocity of the piston serves al^ as an important 
addition to the compensating action of the inertia at the commencement and end of each stroke. 

Governor . — ^The expansion-gear of the engine is regulated entirely by the self-acting movement 
of the governor, Figs. 2688, 2689 ; and for carrying this plan out satisfactorily it is essential 
to have a governor that is extremely sensitive to any change of velocity, and acts with great 
promptness upon the expansion-gear, with power suiheient to shift it instantly to the full extent 
required. The governor used for the purpose has been designed by the writer as a modification 
of the ordinary Watt centrifugal governor, with the view of increasing its sensitiveness and quick- 
ness of action, and adding to the power available for overcoming the resistance of the valve- 
motion. This resistance is, however, reduced to a very small amount in the present engine, on 
account of the valves being in equilibrium. 

The governor is shown in Figs. 2695, 2696, and consists of two revolving balls of small 
size, but moving at a high velocity, which pull up a heavy central weight when they rise in con- 
secjucnce of an increased velocity of revolution : the balls are only about 2 to 3 lbs. weight, but 
tbe central weight is from 50 to 800 lbs., according to the size of the governor. The connection 
of the radius rods to the centre spindle is made with forked ends, having considerable width of 
fork, as shoam in Fig. 2695, and fitting ujMm a pin wliich passes through the axis of rotation. 
Fig. 2696. The friction which opposes the rise and fall of the balls is thus reduced, by the 
pressure ujKm the pin at the joints of the rods being diminished in consequence of their increased 
leverage; and the sensitiveness of the governor is thereby increased, its friction being much less 
than that of the ordinary governor. 

With the very heavy rev(dving balls employed in the ordinary c^onstruction of governor, a 
large amount of resistance is op(K)sed by their inertia when they are required to act, by rising or 
falling, on the occurrence of a change in the velocity of revolution. A serious pressure is also 
caused on the joints of the radius rods when the inertia of heavy balls of 1 cwt. each has to be 
overcome in order to accelerate their motion : and the friction caused by this pressure on the 
joints prevents the change of position of the Imlls until a sufiicient increase of velocity has occurred 
to accumulate forces enough for overcoming this resistance. The engine is thus allowed to vary 
oonsiderably in 8|K?cd ; and the balls of the governor are then liable to fly out too far, causing too 
great an action for properly regulating the speed of the engine. In the present governor the 
revolving Imlla, being of very small weight, offer little resistance by their inertia to any change, 
and they rise or fall instantly when any change takes place in the 8t)e6d of revolution of the 
engine. Their centrifugal force is made up to tliat of the ordinary heavy balls by their increased 
velocity of revoluthni, the centrifugal force increasing as the square of the velocity ; and they are 
driven at a speed of from 820 to 400 revolutions per minute. 

This governor is liable to tbe same objection in principle ns the ordinary Watt centrifugal 
governor, namely, that it can only regulate the engine for a variation of load by maintaining a 
corro.s|ionding clmnge of velocity in the engine; but in this governor the action is so much more 
sensitive and extended than in the ordinary gov(‘mor. that this objiHstion is practically got rid of. 
It is found to regulate the speed of the engine with certainty within the range of 2 per cent, 
variation of speed, with the greatest extent of variation that can occur in the load ; and a varia- 
tion in spei'd of 5 iK*r cent, would carry the governor through its entire range of action, and shut 
off the steam from the engine. In practice the steam stop-valve is always set wide open, and the 
engine runs under all circumstances with complete steadiness and uniformity of motion, without 
reipiiring any attention ; and the most sudden and extreme changes of load do not afiect its 
motion perceptibly. 

Sf>e 'utl Construction.-— In practically carrying out the high speed of working that has been 
adopted in this engine, special attention has been requiri>d to ensure the rigidity of hotli the 
stationary and the moving parts, to balance the forces of the moving parts, and to obtain a large 
extent of hardeiif'd rubbing .surfac(‘, with perfect truth of form in the wearing parts. When due 
attention is paid to these ]ioints, it is found that there is no practical difiiculty attending the 
employment of the high spee4 ; and the objections ordinarily felt to it arise really from imperfec- 
tions of construction in these respects. 

For the purjxise of obtaining the required rigidity in this engine, the base-plate is made a 
liollow casting of great stifihess and unusual depth, and the centre line of strain of the engine is 
brought down very near to its surface. The cylinder is bolted to the end of the base-plate, and 
is held all round the circumference of its inner end ; but it is left free from the base-plate through- 
out its entire length. Tlio object of this arrangement is to leave the cylinder free to expand and 
c^mtract, without the tendency to distortion which arises when the cylinder is fixed down 
throughout one side to a cold base-plate, whilst kept heated along the other side by the steam- 
chest. The cylinder thus preserves its parallelism when at work, so tliat a deep and well-fitted 
piston can be used ; the piston employed is a plain hollow block, turned a close fit to the cylinder, 
and fitted with two Kamsbottom rings. The result is that, instead of the injurious wear often 
experienced in horizontal cylinders working at the lower speeds, the cylinders of these engines 
are fbund to be always in a polished and greasy condition, and their wear is inanpreoiable. 

In all the working parts of the engine the bearings are made both unusually long and large 
in diameter, and by this means the pressure per square inch on the bearing surfaoes is diminisbed, 
so that a thicker mm of oil is maintained between them, reducing tbe coemoient of friotioin. Tbe 
smoothness of running is thus increased also, by avoiding the injurious effects that arise firom tbo 
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bearings not haring sufficient rigidity to resist flexure or torsion. In all the bearings speefal 
care is taken to obtain iwrfect truth of form, which is a point of great practical importance ; and 
if properly formed and hardened, these bearings should not be subjected to wear at all. The 
difference in working is remarkable between a true iwlindrical form and such an approximation 
to it as can be produced by turning in a good lathe. When a truly cylindrical journal or pin has 
been produced by the operation of grinding with a traversing wheel, in dead centres which have 
themselves been ground to true cones, such a cylinder, if it has sufficient surface and rigidity, and 
is fitted in proper bearings, floats in an oil bath, being separated from the bearings at every point 
by a film of oil of exactly uniform tliickiiess : this film cannot anywhere be broken, and having 
scarcely any disposition to work out, will last without renewal for a great length of time; and 
the coefficient of friction under pressure is thereby greatly diminished. This truth of form is 
really easy of attainment, and if its value were fully appreciated, it would certainly be obtained 

in Direct-acting This engine is specially designed for the purpose of supplying 

water under a high pressure to hydraulic machinery, and has been extensively applied to the worl^ 
ing of cotton presses. It is usually made in pairs (to st'cure a uniform delivery of water), each 
pair consisting of two steam-cylinders and four pumps coupled together, as shown in Figs. 2704, 
2705, which represent two views of a complete pair of engines. The arrangement and action of 


.itv*. 




the engines will be readily understood by reference to Fig. 2706, which is a longitudinal section 
through one engine, or say one steam-cylinder and two pumps. A is tin? steam-cylinder; BB' the 
pumps; C, steam-piston; D, pisUm-rwl extending through Doth ends of cylinder; KK'are pump- 
rams attached directly to the piston-rod, one at each end ; F F' the suction, and G G the delivery 
pipes, each with their respootive valves. At the junction of the pump-rarns with the piston-red at 
^h end is a cross-head with a fiair of slide-blocks working in slides H H. To the cross-head H 
is attached one end of a forked connecting-rod I, the other end of which is connected to the crank 
and crank-shaft with fly-wheel, as ,in an ordinary steam-engine. The other steam-cylinder and 
pair of pumps are attached to the same crank-shaft at right angles to those already deseribed, by 
this means ensuring the pumps to be alternately brought intr> action, and therefore— the pomps 
being all connected to one delivery-pirie- sccurr^s a continuous uniform discharge of water. 

It will be seen that if steam be admithxl into the steam-cylinder at the right-hand end J, the 
piston will ^ pushed forwaid in the direction of tlie arrow by the full force of the steam, and the 
water ^tainM in pump B is expelled by the pump-ram E, and paiising over the suction-valvb, 
which it keeps down, finds an outlet through the dell very- valve into the ^pc U, at a high pressure. 
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The difference in pressure between the steam in the cylinder and the 
water passing out of the pumps is directly I>roportioual to the areas 
^ of steam-cylinder and pump-ram respectively. In the engines illus- 
trated the diameter of steam-cylinder is 24", and of the pumpram 
BO that a pressure of steam, say 35 lbs. a ^uare inch in the 
cylinder, will give a pressure of water in the delivery-pipes of over 
8 tons to the square inch. While the pump B has been delivering 
its water, B' has been receiving its supply through the suction- 
pipe F, and when the return stroke is being made the operation 
is reversed, the pump B rciceiviug its water supply through suction- 
pipe F, and pump B delivering the water into pipe (4. All the 
suction-pipes are joined together and connected hj a tank, which 
contains a sufficient supply of water for the number of machines 
to be worked. The delivery-pipes are also joine*! into one main 
pijie, which conveys the high-pressed water to the machines, and 
after being used is returned to the tank to be used as a fresh supply 
over and over again without loss. The distribution of steam to the 
cylinders is effected as in an onlinary steam-engine. The slide- 
valves, which are constructed on R. Wilson’s plan, are perfectly 
balanced, and capable of being moved with the greatest case, 
avoiding tlie usual wear and tear of valve-gear and effecting a 
great saving in the 
consumjdion of fuel. 

The valves are 
worked by means 
of eccentrics on the 
crank-shaft. The ; 
engine is fitted with 1 
two governors; the 
one markcHl K is of 
the ordinary ball 
construction, and 

the other, L, termed the hydraulic governor, 
is acted u|ion by the pressure of water in d< 'livery- 
pi Ikjs. Each of these goveniora is indei)endent of 
tlie other, and at i)erfect liberty to control the 
engine, by means of a tlirottle-valvc, which is com- 
mon to Isdh. The object of this combination is that 
tlie engine may bo controlled and kept at a uni- 
form 8j»eed by the ball governor wlnm tlie jmmps 
arc disc*onneot<?il, and the engine used for driving 
other rauchinery (os an ordinary engine). When 
the pumps are connecttHl and the pressure! of water 
rises, the engine rei[uires more stoam, the hydraulic 
governor is by that pressure causnl to act ujam the 
throttle-valve to open it, and when the pressure 
lowers, the govt^rnor closes the throtthv valve and 
gives less steam, so keeping tlie engine at a uniform 
0 |)eed under its varying loail. 

Prospect Hill Pumpiryj Pu fine, Urooklyn, U.S , — 

Fig. 2707 represents a section in outline of the 

i lumps and an tdevaiion of the pumping engine at 
L*ro8iwct Hill. 

It will be observed that the engine is of tho 
crank nnd fly-wheel system of arrangement, and in 
this respcict is entirely difterent fnmi the engim at 
1? iiigew(KKi, The steam-cylinder S is fittoit with 
slide-valves, and a cut-off contnilled by a governor 
constructed in aivordanco with tho invention of 
Wright. Tho sfaieil during the experiments was 
variwl by weights susjiendiHl to tho governor-nKls. 

Tho |mmps are oonstructeil on tho same general 
principles and mode of action as the pum)is usually 
employed. They arc two numps, attocluid to oppo- 
site sides of tho working beam : they have valves 
in their buckets, and in channels at the sides of 
tho pump, shown in Fig. 2707. Tho pumps are 
placed in a branch main, and the w*ater flows into 
nnd through tho air-pumjis under a considerable 
head, variable with the draught upon the mains in 
other parts of the city. There arc two air- 
chambers: one shown at R on the rising main; 

^ tho other, and a somewhat larger one, is connected 
by a branch pipe with the induction-pipe at £. At 
A are tho oonneotions with the air-pump. At p 
the oonneotions of a small siugie-aoting plungcr- 
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pump, to supply the boiler>feed, and return the injection-water to the main. By P is denoted 
the lower pump ; by P' the upper ; a, 6, and c, zepresent the apertures in oonneotion with the 
in^cator. ^ 

mt 



— Steam-Cylinder. — Length of stroke, 4 ft. (J in. • diameter of cylinder, 24 in.; dia- 
meter of piston-rod. in. 

Pumps. — Length of stroke (average), 3*4C6 ft.; diameter of barrels, 20^ in.; diameter of 
piston-rods, 3 in. 

Pump to turn Tnjection-water into the Main. — Length of stroke, 1*604 ft. ; diameter of plunger, 8 in. 

Flywheel. — ^Diameter, 20 ft. ; length of crank. in. 

Boiler — One. Drop /’7«4p.— -liength of shell, 18 ft. ; diameter of shell, 6 ft. : length of fire-grate. 
5 ft. ; width of each fire-grate daring trial, 2 ft. 2 J in. : number of upper flues, 4 ; diameter of 
upper flues, 13in. ; length of upixjr flues, 11 ft: number of lower flues, 9; diameter of lower 
flues. 7 of 9 in., 2 of 7 in. ; length of lower flues, 9 ft. 3 in. 

Explanation of Cmlin] Profie. — The profile of the coaling fc»r seventeen hours will serve as an 
explanation of the form in which the rcgisUjr of coal consumed has IxiCii kept and plotttfd during 
the late experiments at llidgewo<Ki and Prospect Hill. The honrs selected have l>cen taken 
rather than those at the commencement of the experiments, as profiles of steam and water pres- 
sures arc? given for the same perifxi. 

The firing was commenced on the morning of May 1.3, 1862. and the fires and water were got 
into the state in which it was determim^^l to keep them as nearly as [lossiblo uniform. The coal 
was first noted at Oh. 14m. p.m., when KiOlbs. were thrown on one of the grates; at 1 h. 2m. 
100 lbs. on the other; at 1 h. m.. 60 lbs. on the first grate, and at 2 h. 32m., 20 lbs. on the 
second. In this way the quantity of coal was taken every time any was put on, and on which 
grate it was thrown. The Me-lx>x was divided in two by a brick wall, to maintain a more even fire, 
llie coal was weighed in lots of 100 lbs. each, and the amount at each firing was then estimated. At 


6.36 

P.M. .. 

the total quantity fired was .. 

.. 1155 

lbs. 

7.43 

w •• 

.. 90 lbs. 

.. 1245 

ff 

8.12 

T» •• 

•• 100 ,, •« 

.. 1345 


9.03 

n •• 

.. Cleaned fire No. 2. 



9.10 

»» •• 

.. 120 ibs. 

.. 1465 

tt 

9.47 

n 

.. 115 „ 

.. 1580 


10.27 

« 

.. 80 „ 

.. 1600 

94 

10. .58 


.. 80 ,, .» 

.. 1740 

99 

n.so 

»» 

•• 60 •» .. 

.. 1800 

ft 
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12.00 P.M. 

Cleaned Are No. I. 


12.06 „ 

100 Ibi. 

1900 lbs. 

12.87 „ 

50 „ 

1950 „ 

12.56 „ 

50 

2000 „ 

1.25 a.m. 

70 „ 

2070 „ 

1.47 „ 

80 „ 

2150 „ 

2.22 „ 

50 „ 

2200 „ 

2.42 „ 

70 „ 

2270 „ 

3.02 „ 

90 „ 

2360 „ 


and 80 on. Each of the firings ia represented 
by dots on the profile, and the dots are con- 
nected by lines. In this way the firing is 
graphically represented, Fig. 2708, and the 
quantity consumed during a period of a few 
hours can be quite accurat»*ly determined. 

The firemen had been employed on 1x>ard 
of ocean steamers, and had never been inside 
of the building till the experiments were 
commenced. They were directed to keep 
the water, as near as possible, a certain level, 
and their fires always in one conclition. The 
Ijoiler-pressuro was varied from time to time, 
to tost the coraimrative economy of the 
engine under different pressures and speeds. 
The watch of tlie firemen was twelve hours 
on and twelve off. 

The troal useil during the whole trial 
Of Delaware and Hudson Canal Lbs. 


coal 

Buck Mountain 2,300 


Total .. .. U.lOO 

Th»‘ total quantity of clinker . . t»I5 
Hmull iMial iu ashes 383 


2706. 



P M.. May 13. AM^ May 14. 


Tahle ok RE.^rLTs OK Experiments mai>e on Prospect Hill Pumping Engine, 
May 13tu, Uth, 15th, IOth, and 17th, 1862. 


Diitc. isea. 

'dumber 
of 1 
H<*vo* 
liuioiui 
during 
Iho 
Hour. 

1 

AVEOAGB. I 

Gross 
Amount 
of Coal 

Remarks. 

Mean 1 
Sieuiw- 
PreMure 
per 
square 
inch in 
Stnam- 
cylinder. 

2 


1 

Boiler- 1, 


Stctm-Cyiindcr. j 

Water- , 
Load per 
tquare ; 
Inch In 
l*umpB. 

3 

Teseure 
per j 
square 
inch. 1 

4 1 

racaom 

in 

Con- 

denser. 

5 

I’res- , 

InlUal . sure i 

ITchbure. below j 

1 1 00. ^ 

6 1 7 ! 8 i 

con- 

sumed 

during 

the 

Hour. 

9 

I>iy. 

Hour. 1 


lb.H. 

lbs. 1 

lbs. 

inches. 

lbs. 

i 

lbs. 

lbs. 


Ma7l3 

8 P.M. 

1478 

22-3 

28*7 1 

47*6 ' 

•27*3 

42 

-15 1 

3*5 

140 

T h. Ryan commenced firing. 


1487 

21-7 

27-8 1 

47*3 

27 

39 

-15. 

5 

145 

9 b. 3' cleaned No. 2 fire. 


10 ” ' 

1482 

21*2 

26-8 ; 

45*7 

27 

40 

-18 

5'5 

160 



n „ 

1494 

20-4 i 

26-25 1 

45*0 

27*4 

30-5 

•14 ! 

6 

140 



12 „ 

1523 

19-6 ; 

26-0 

46- 1 

27-2 

37 1 

•15 i 

6*5 

140 

12 h. 3' cleaned No. 1 fire. 

May 14 

1 A.M. 

1578 

19*15 

25-5 

45- 1 

27-2 

35 

-15 j 

6 

125 


2 ,7 

1600 

19- 15 

2.'»-25 

44-3 

27*5 

34 

•15 i 

6 

160 



3 t» 

l(i38 

10-25 

26*6 

46-5 

27-5 

38 

•16 1 

6 

183 



4 n 

1686 

195 

27 •» 

48 

27*5 

88 5 

•15 1 

5*5 

121 1 



5 ;; 

1720 

20- 1 

27-8 

48*5 ' 

27*5 

39 

•16 1 

5-5 

160 



G « 

1775 

21 9 

20-3 

47 

27-5 

38 2 

•20 i 

1 ISO 

6 b. 30' Kenny commenced 


7 ;; 

1771 

23*75 

.32 1 

47*5 

27*5 

39 

•20 

4*5 

! 285 

firing 


8 „ 

1680 

24*5 

i iO-O 

1 45 

27-5 

35' 5 

*17 ! 

8 5 

260 



9 „ 

1679 

23*9 

S4-75 

; 49*7 

1 27*5 

41 

i *19 

3-5 

210 

Ob. 18' cleaned Na 1 fire. 


10 

1675 

24*1 

85-15 

45*8 

! 27-5 

41 

i *18 

4*5 

170 




1670 

24*1 

34-9 

45-6 

1 27*5 

42*5 

•18 

3-5 

150 



12 ,, 

1669 

23*4 

! 33 -5 

51*1 

1 27*5 

42 

•18 

4 

200 



1 P.H. 

1645 

23*85 

i 83-35 

49 

1 27*5 

42 

•18 

4 

200 



2 „ 

1663 

23*45 

33-75 

1 48*5 

; 27*5 

41 

*19 

8-5 

190 

.*b. 20' eleaned N:^. 2 flra 


8 »i 

1663 

23*6 

83-05 

i 44 *1 

: 27*4 

36 

•19 

3 

220 



4 „ 

1664 

23*55 

83-25 

! 48*0 

27*5 

41*5 

•15 

8*5 

I 213 



5 „ 

1681 

23*15 

33-7 

1 46*2 

27*4 

87 5 

•18 

3*5 

; 185 




1514 

28*3 

32-3 

! 46*8 

27-6 

89*5 

*16 

4*5 

1 120 

1 

1 6 b. 26' Rjan firea 
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Tisu or Bisdltb or Expibimhw, &o. — ocmtimui. 


Date, 1862. 

Nnmbor 

of 

Revo- 

lutions 

daring 

the 

Hour. 

1 

Atbuoi. 

Gron 
Amoun 
of Cua 
con* 
sumed 
daring 
the 
Hour. 

9 

t 

Renurka. 

Mean 

Steam- 

Preasore 

per 

square 
inch in 
Steam- 
Cylinder. 
2 

Mean 
Water- 
Load pel 
square 
inch in 
Pomps. 

8 

Boiler^ 

Pressure 

per 

square 

inch. 

4 

Vacunn 

in 

Con< 

denser. 

6 

1 Steam*Q|rlinder. 

1 

Initial 

Preasun 

6 

jcnt-of 
1 FuU 
,‘Stroke 

i*oa 

7 

r Final 
l*re8- 
sure 
* below 
0. 

8 

I>ay. 

1 Hour. 



Iba. 


Iba. 

lbs. 


inches. 

1 lbs. 


lb& 

lbs. 


May 14 

7 F.M. 

1289 

21-4 


29-1 

49-7 


27-7 

1 89-2 

•15 

4-5 

125 



8 

« 

1288 

20-1 


27*55 

48-0 


27-2 

38-5 

-14 

5-5 

105 



9 

n 

1285 

19-0 


26-5 

48-0 


27-2 

! 37-5 

•15 

6 

no 



10 

n 

1286 i 

18-5 


28-8 

48-5 


27-6 

i ^7 

•14 

6-5 

140 

10 h. cleaned No. 1 fire. 


11 

>» 

1293 

18-5 


27-3 

48-0 


27-7 

1 36-5 

•15 

i® 

150 



12 

»> 

1299 

1 

18-4 


25-05 

46-5 


27*7 

, 36-5 

•15 


120 


Hay 15 

1 A.M. 

1279 


18-0 


24-45 

46-7 

5 

27*7 

35-5 

•15 

i6 

120 



2 

»> 

1280 


17-55 

I 

24-45 

47-5 


27*7 

34*5 

•13 

! 6 

130 

2L 6* cleaned No. 3 fire. 


3 


1286 

1 

17-2 


23-9 

45-5 


27-5 

34*5 

•12 

: 6 

125 



4 

17 

1281 

; 

16-95 


24-3 

45-5 


27-2 

34*5 

•13 

6-5 

116 



5 

» i 

1279 


17-7 


25-8 

45-2 


27-5 

34*5 

•14 

; 6-5 

140 



6 

M 

1286 


19-3 

' 

28-6 

46-5 


27-7 

38 

•17 

5-5 

no 

' 6h. 21' Kenny fires. 


7 


1276 


21-55 

! 

31-7 

45-5 


27-7 

38 

•20 1 4-5 

153 



8 


1258 


22-65 


33-55 

37-5 


27-7 

32 

•25 

i 4-5 

161 



9 

»» 

1255 


22-35 


33-5 

33-5 


27-9 

29-5 

•25 

* 

190 

9 b. 25' cleaned Na 1 fire. 


10 

n 

1254 


21-85 


32-1 

34-7 


27-9 

31-5 

•24 

* 3-5 

190 



11 

n 

1256 


21-3 


30*5 

34 


27-9 

30-5 

•23 

3-5 

169 



12 

19 ' 

1258 


21-1 


30-0 

34-5 

{ 

28 

31 

•23 

3-5 

110 

12 b. 32' cleaned No. 2 fire. 


1 P.U. 

1231 


20-95 


30-0 

a5-5 


28 

31-5 

•20 

4 

150 



2 

»> 

1266 


20-85 , 

30-8 

35-0 

i’ 

28 

33 

•24 

4-5 

no 



3 


1255 


20-3 


30-5 

35-5 


28 

30 

•22 


134 



4 

i 

1260 


20-15 


29-7 

36 

1 

28 

31-5 

•21 

5 

no 



5 

11 

1256 


20-25 


29-55 

33 


28 

29 

•23 

4 

115 



6 

11 * 

1264 


20-75 


29-9 

31-5 

' 

28 

28-5 

•26 


119 

6 b. 40' Ryan fires. 


7 

11 i 

1233 ! 20-75 


30-65 

33-5 


27-7 

29 

•26 

3-5 

100 



8 

11 '■ 

1277 

1 

19'9 


27-6 ; 

.32 


27-5 

25-5 

•23 

3-5 

96 



9 


1260 

1 

18-6 


26-8 

31-5 


27-5 

25-5 

•20 

5 

90 

9 h. 38' cleaned No. 2 fire. 


10 

»» i 

1264 


17-95 


26-65 

31-5 


27-5 

24-5 

•19 

5-5 

120 



11 


1267 

1 

17-8 


26-4 

31-5 


27-5 

26-5 

•18 

5-5 

195 1 

11 h. 18' cleaned No. 2 fire. 


12 

11 ' 

1266 


17-9 

; 

25-95 

32 


27-5 

25-5 

•22 

5-5 

144 


May 16 

1 A.M. ! 

1252 


17-7 


25-5 i 

27 


27-6 

21 

•27 

5 

141 



2 


1244 


17-35 

' 

25-35 

21-5 


27-7 

17 I 

•30 

4-5 

130 



3 

1 

1241 


17-35 


25-35 ' 

21 


27*6 

17 

•33 

3-5 

100 



4 


1238 

! 

17-5 

( 

25-35 : 

21 


27-6 i 

17-5 : 

•28 

3-5 

140 



5 

,1 i 

1239 


17-8 


25-9 ‘ 

20*5 

i 

27-7 . 

17 : 

•30 

4 

130 

6h. 30* Kenny fires. 


6 

11 

1233 


18-3 


27-8 ; 

19-5 


27-6 1 

15-5 : 

•42 

2-5 

160 



7 

11 

1229 


19-15 


30-4 

20 

i 

27*4 1 

16-5 

•38 

1 

164 



8 


1198 


20-5 


31-95 

21 

1 

26-9 ' 

20 

•37 

1 

125 

8 h. 55' cleaned No. 1 fire. 


9 


12(H 


21-15 


32-3 

20 


26-5 

19-5 

•43 

1 

130 1 



10 

It 

1203 


20-7 


31-9 

20-5 


26-5 ; 

18*5 

•38 

1 

150 : 

10 b. 14' cleaned No. 2 fire. 


11 

M 

1175 


20-4 


31-15 

20 

27 

19 

•35 

2-5 

204 i 



12 


1262 


21-3 


31-15 

23 


27-5 

23 

•31 

2-5 

205 i 

12h. 10' Ridgewood fireman 


1 P.11, 

1490 


22-5 


33-3 

38 


27-5 

33 

•18 

3 1 

155 

cuttunenoHl firing. 


2 

tl 

1480 


22-5 


34-15 

49 

27-7 : 

43 

•19 

3-5 1 

120 



3 

W 

1482 


21-7 


34-1 I 

48-5 


28-2 , 

40-5 

•19 

3-5 1 

190 

3 b. 56' cleaned No. l fire. 


4 

11 

1482 


21-5 


34-61 ; 

48-5 


28-2 i 

41 

•20 

3-5 

165 



5 

11 ' 

1431 


21-3 

35-75 

48-5 


27-9 i 

40 

•18 

4-5 

190 



6 

»» 

1405 


21-4 

32-15 , 

49 


28 ' 

40 

•19 

4-5 

195 

eh. 40'Byanfirei. 


7 

11 

1403 

21-35 


32 -.IS ' 

48 


27-9 

40 

•20 

4 

180 



8 

11 

1406 

21-45 


31-7 ; 

49 


27-5 

40-5 

•18 

4 

160 



9 

n 

1404 

21-5 

30-0 ! 

50 


27*5 

41 

-17 

4*5 

170 



10 

11 1 

1408 i 20-7 


28-75 ! 

49-5 


27-5 

40 

•17 

4*5 

145 



11 

11 • 

1396 

19-4 


27-95 t 

49 


27*5 

38 

•15 

5-5 

165 

1 1 b. 50* cleaned No. 2 firs. 


12 

11 ! 

1356 

18-7 

27-15 ! 

47 


27-6 1 

37 

-16 

5-5 

180 


May 17 

1 AM. 

1267 

18-3 


26-7 

47-5 


27-6 1 

34*5 

-06 

4-5 

120 



2 

11 

1313 


18-6 


26-75 1 

49-5 j 


27-5 t 

32-5 

*07 

4*5 

120 



3 

11 

1308 


19-15 


26-95 1 

49 

27-5 

31 

•12 

4-5 

130 



4 

11 

1333 

20-0 

27-15 

49-5 1 

27*5 

35 

-18 

4-5 

120 



5 

It 

1385 

20-75 

28-5 

48-5 1 

27-5 

39-5 

-13 

4-5 

120 

6 ta. 80' cleaned No. 1 firs. 


6 

11 

1382 

20-95 

32*8 

47-5 

27-1 

39-5 

•20 

3-5 

144 

6 b. 30' Ridgewood fireman 


7 

11 

1376 

28-3 

85-5 

48 1 

27 

42-25 

•21 

2-5 

166 

ffocmifnced firing. 


8 

11 

1376 

24-3 

86-7 

47-5 1 

27 

42-5 

•21 

2-5 

150 


1 

9 

11 

1376 

24-0 

87-5 

47 

27 

41 

-22 

2-5 

150 
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coftl-pit in Stafford shirr to force 
wnt(*r up a vortical shaft of UOO 
ft. at one lift. The cylinders 
of this engine are 43 in. diameter 
and 30 in. stroke; the pumjis 
10 J in. diameter with brass 
Coniish mlves. / 

In Fiffs. 2709 to 2711, of / 

Ommannoy and Tntham’s rn- f 
pTine, A A are the cylinders; ^ 

B B, purap-lmrrcls ; c c, suction- 
clacks; E, the main delivorT- 
pipo ; P F, piston-rods ; (3 G, 
slide-bars ; H H, connectini?- 
rods ; 1 1, cranks ; J, fly*wh<»el ; 

K, main suction pi|>e : LL, 
croBs-lK^ads ; M M, enj^iutv^beds; 

N N« supportinf;^ l>catns. 

Tank LocanudUH^ for Turning 
Sharp Curvtn , — We illustrate an 
arrangement for giving lateral 
plajr to the axles of locomotive 
engines, which has been latel? 
designed and introduced with i 
much success by Black, Haw- ^ ^ 

thorn, and Co., bf Gateii«Ml-npon.Tyne, Pips. 2712 to 2714. Our flgTO M.thow the uia^mt 
M applied to the traOing axle of a clae. of .ix-ooupled tank engutea owiatnioted for working the 
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tnfflo on colliery lines and similar branches, a class of work for which they are well adapted* 
This arrangement is nothing more than a substitute for the Amorican lateral motion beam. On such 
lines sharp curves and heavy gradients are generally to be met with, and the engines employed < 
on them should thus possess good hauling power, and yet should be carried on a short or flexible 




wheel base. For lines of this kind, 
where there is usually much shunting 
to be done, and where there are seldom 
facilities for turning the engintr, tank 
locomotives are far superior to those 
with tenders, as indeed they also are 
for a great proportion of ordinary main< 
line traffic. 

The engine to which our figures 
rrfer has outside cylinders 16 in. in 
diameter, with 24 in. stroke, and the 
six coupled wheels are 4 ft. 6 in. in 
diameter, and are arranged with a total 
wheel base of 12 ft. 9 m., the trailing 
axle to which the arrangement for 
flying lateral motion is applied being 

f water ^rried is about 950 gallons, port of this quantity being 
ronaainder-^bout one-fourth of the whole-~>in a tank placed 
^ ^ *1^*^*^ Middle* 

is empW, and it is thcrofore generally full of water, 
the load on the trailing axle, which in slx-eoupli^ tank e»^nes of this clan I# 
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geneiftlly too lightly loaded. The fhel is also (^.rried at the trailing end, where there Is a box 
capable of carrying about 35 cwt. of fuel. The weight of the engine is as follows ; — 

Tons. 

On leading wheels llj 

„ centre „ 12 

„ trailing 9 

Total 32J 


The frame is of plates in. thick, and is very strongly braced by cross and diagonal stays; 
cylinders are secured to each other by a strong box-girder, thus being, as it were, self-contained, and 
preventing a senarate and independent strain on frames. All the working parts and tires are steel, 
and th(? slide-valves are equilibrium-valves. The boiler is double riveted in the longitudinal seams, 
the holes for rivets in all flanged plates being drilled instead of punched, and the whole of the 
boiler-plates being planed on all edges before being put together. The engine is worked at a pres- 
sure; of HO lbs. to the s<]iiare inch. 

Referring to Figs. 2712 to 2714 it is observable that the pressure of the trailing springs is 
received uf>on a casting which extends from one side of the engine to the other al)ovc the axle-boxes, 
this casting having at its under-side recesses and projections, which fit the upper edges of a pair of 
cams which are interjJOHed between the casting and the axle-box crowns. These cams, which are 
made of steel, are h<;art-8haped, and they are retained in j) 08 ition by pins, which connect them to 
the axle-boxes. The axle-boxes arc free to move laterally in their guides for a certain distance, and 
as they move to one side the cams each turn on one of their ui)j)er comers. It follows, from the 
shape of the cams and the relative jwsitions of their bearing lioints, that when the axle is thus 
moved over to one side;, the action of gravity tends to bring it back to its central position, and the 
movement, tlierefore, d<K*8 not take place with any slight or ordinary oscillation of the engine, but 
is only caused when a certain pressure comes against the flanges of the wheels as the engine 
traverses a curve. It alw) follrjws, from the nature of the arrangement, that the pressure requisite 
to cau8(‘ lateral movement increaseis in a certain proportion as the distance of the axle from 
its central position increases. The whole arrangement is very simple, and can be applied to 
existing engines in all cases where there is nothing to interfere with the lateral traverse of the 
wheels. 


OscillaUng Engine inventetl by James Homer, of London. Referring to Fig. 2715, it will be seen 
that the cylinder of this engine is fixed upon a ball K, which works steam-tight in a cup M fixed 
to the bed-plate, this cup being pro- 

vided with two jiorts or passages, the — ^ 

one being in oommunicathm with the 
boiler, and the other with the exhaust- 
piiM% hy means of the pip<7s K, R The 
Dali has three ports fomied in it, the 
central one communicating with the 
Ixittom, and the two outer ones with 
the top of the cylinder, these two outer 
ports Dcing connected by an annular 
groove formed in the ball around the 
central port. The use of this annular 
groove is to enable the outer porta to 
communicate with the ports in the cup 
even when the cylinder has turaoa 
round so that a line drawn through 
the throe tx>rts in the ball would lie at 
right angles to the plane of oscillation 
of the cylinder. 

The Imll is kept in place by a cap 
O and screwed ring P, and it will bo 
readily understood that as the cylinder 
Obcillates the movement of the ball In 


Obcillates the movement of the ball In 
the cup regulates the admission and 
egress of the sti^m in tlie some way 
as an ordinary slide-valve having 
neither lap nor lead. It is found in 
working that a constant slow rotating 
movement of the cylinder takes place, 
and this movement oonduooa greatly 
to the equal wear of the cup-and- 
ball surfaces. To reverse the engine 
Hamer simply alters the course of the 
steam, making that which was the 
exbaust-pii)e the steam-pipe, and vice 
vend, Bteam is led from the boiler to 
the chamber in whicii the valve T 
works ; and by moving the valve T by means of the lever U, the engine can be si 
in either direction at pleasure. Hamer’s anrangemepti with % fly»wheeh will be foi 
the power required is not great 



ed or started 
uaefdl where 
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Wtiuftiij; Engine of lUtcher^ Xennings, and Oo , — ^Thia engine, Figs. 2716 to 2718, which has been 
made at a hematite iiQn^Knre mine in the Cumberland district, although it does not present many 

a7ia 
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shaft is of wrought iron, 9} in. diameter on the body, and 8 in. diameter in the jonmalB. There 
is no fly-wheel attached, and the roM barrels, which are constructed for round ropes, are placed 
unpn the engine-shaft, and are 8 ft. aiametcr. They are divided in the centre by a series of wooden 
c^s of elm which form a brakoHsheave, which is operated upon by a wrought-iron strap not shown 
in the figures, but the action of the whole will be easily understood. See Brake. 

The valves are ordinary slides, and are worked by means of two eccentrics to each, and the 
ingenious stmight link-motion invented by Alexander Allan, p. 1199. The application of this link 
and winding engines is particularly valuable, especially where the valve is unbalanced, as reversing 
is effected with great facility. In some larger examples these makers balance the slide-valves by 
means of the thin flexible plates connected with them by links. 

Chaplinas Jloistincj JCngine, on cast-iron sole-plate, Figs. 2719 to 2721, for use on shore or on ship- 
board. Manufactured by Wimshurst and Co., London. 

A, lK)iler ; B, engine-pillar ; C, cylinder ; D, fly-wheel ; E, winding shaft or barrel ; F, winch 
ends / G, brake ; H, brake foot-lover ; J, sole-plate or carriage ; K, disengaging clutch ; L, clutch 
lever and rod ; M, reversing lever to link-motion ; K, feed-pump. 



AT, Burgh's Single or Bofible Acting Steam-Pump. — The mechanical arrangement of the valves 
of this pump,' in relation to the piston or plunger, is in harmony with a well-known principle of 
hydraulioa, namely, when any volume of water and air intermingled becomes compres^, the nir, 
being the lighter, aaoen^ and the efficiency of pumps therefore consists chiefly in the discharge 
of the air before the water. 

By this invention Burgh proposes to arrange and obviate the difficulties heretofore met with, in 
the following manner ; — Tlio valves for the purposes of udmitting and permitting the supply and 
discharge infc and from the pump can be arranged either horizontally, vertically, or otherwise, to suit 
the partioular purpose for which they mav be intended. 

He proposes to place each valve side by side, aljove and below, or at each end of the humi m 
ihe^ump. The supply-valve on the top opens towards the barrel, and that at the bottom in the 
opposite direotion, so that they work toward each other. The disoharge-valves are situated at or 

4 Y 
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near the same angle cor level as 
the supply valve or valves, but 
work in opposite diieotions or 
from each other. 

This invention presents a more 
compact arrangement of the valves 
than those previously used for 
the same purpose, inasmuch that 
the air admitted with the water 
into the pump is nearly, if not 
entirely, diseliarged at each stroke 
of the jjlunger or piston, so that 
the next following stroke of the 
piston or plunger is equal to that 
preceding it, by which means any 
accumulation of air in the pump 
is prevented, and the eflBciency 
of the upper and lower portions 
of the pump is rendered equally 
effective by the ixisitions of the 
valves. To further ensure that 
the air below the piston, in the 
case when the pump is vertical, 
shall be as completely discharged 
as the air at the top, the piston is 
grooved in its periphery in one 
or more places sufficiently to 
allow the air when the piston is 
descending to escape to the up{>er 
portion of the pump, and on the 
up-stroke of the piston this air 
and the water will be effectually 
discharged. The piston may be 
solid or fitted with rings, valves, 
or otherwise, to suit tiie circum- 
stances. 

In this arrangement when the 
pump- valves are of metal or other 
suitable material, the top supply- 
valve and the lower discharge- 
valve being inverted in the case 
of vertical pumps, it is proposed 
to fit them with springs, of any 
kind of material suitable to the 
particular requirement, above or 
below the valves to retain them ; 






ENGINES, VAEIETIES OP. 


1427 


In an eqnilibrinm podtimi, 00 as to enable them to close at the proper time. If necessary, india> 
rubber, oanvas, or other flexible valves may be used for the speoiflc purpose just describe with 
tie requisite seatiugs, and guards or valves of any shape, form, or material, as a combination is 
also applicable if deemed necessary. 

This arrangement possesses the advan- 3723. 

tage that a single-acting pump can be 
made to perform perfect duty on account 
of the discharge-valve being in such a post* 
tion that the air admitted hy the supply- 
valve is perfectly discharged with the 
fluid. 

2722. 



For •ir-painpo thia MmnKeineiit is also partlcnlorly applicable, beeause the entiro oontents is 
disoharged at each stroke of the piston or plongor. .»<! 

•Fiff. 2722 is a sectional elevation of &is machine as apphed to a d^ble-^M P’^^ 
Fig. 2728 a front eleTatioa ; Fig. 272* is a side elevatton oi Fig. 2722: Fig. 2725 is a sectional 
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view in plan taken on the line A B, Fig. 2728; Fig 2726 is an eleyation in plan of Fig. 2728 ; and 
Fig. 2727 a sectional plan of Fig. 2724. 

In each of the figures the same letters refer to corresponding or similar parts ; — A is the steaiL- 
piston connected to the rod B of the pump-piston C working within the barrel D, On the upper 

2734 . , 



p^ion of the barrel two separate chambers E and F are cast therewith, forming the suotion and 
discharge chambers K and F, in the bothim |>ortions of which are secured in a suitable the 

sciatings and valves O and H for suction and discharge. At the lower end of the barrel D them ii 
bolted a ^ng containing two chambers J and IL in the bottom of wliich are secured similar valV^ 
L and M, M tbow Kbove rafaned to, G aud U. The four ehunb^ juet here 
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pieoei eart with flanges, the two suction and two discharge chambers are joined together by means 
of two branch or coupling pipes N and 0, and thus forming a single suction-opening and a single 
fftwharge-opening for the working connections. 

It wul be seen on referring to Fig. 2722 that on the piston C moving in either direction, that is, 
up and down or right and left, the valves G and L open and admit water into the barrel on each 
side of the piston 0, or at each end of the barrel, and at the same time the valves H and M permit 
of the discharge therefrom, by which means a continuous and effective supply and discharge are 
produced. 

The main feature is that should any air be admitted into the barrel, by this arrangement of the 
valves it is drawn out by the piston C at each stroke, and thus a continuous uniform action of 
the valves, and the special duty of the piston 0, are fully carried out. 

Memjweathers Stc<m Firc-Kntpnt\ Figs, 2728 to 2732. — This engine weighs but 20 cwt. ; it is 
mounto<l on high wheels and easy springs so timt its draught is light, and it is capable of delivering 
200 gallons a miuute, and of throwing a |-in. jet 150 ft. high, or two |-in. streams. In its chief 
parts the engine is of similar construction to the larger engines manufRctured by the same wcll- 
tnown makers of steam fire-engines. Tlie which is sliown in vertical section, Fig. 2729, ia 
constructed according to Field’s arrangement, and is of a kind well adapted for use on a steam fire- 
engine. The sides of the firc-lxix it will bo noticed are fonnwl entirely of Field’s tubes clustered 
together. The bfdler posscssi's the advantage that if the water is allowed to get low the only parts 
damaged are the tuUis, and these all can be taken out and replaced in fourteen hours. A single 
tube if damagid can be taken out and replaced in half an hour, or the hole can be plugged if pre- 
fernd. In the Iwilcr, Fig. 2729, the tul)e and top plah s and uptake are of iron, while the shell is 
of rnilil steel and double riveted. The tubes are of solid drawn homogeneous metal, and the boiler 
is tested uj> to a pressure of 300 Iba a stjuarc inch 

A Htrrmg frame of angle-iron, well stayed, is attached to the boiler by strong independent 
wrouglit-iron horn pieces, and on this frame, over tlie fore and hind carriages, are fixed the steam 
and pump cylinder, so that no working parts are attaclud to the boiler. The piston-rod is in one 
piece, the steam-piston l)cing attachwl at one end and the pump-piston at the other end. In the 
centre of the piston-rod is keyed a light cross-head carrying a brass clip, which, as it moves to and 
fro, glides along a slightly twisted bar, giving it a nicking motion which imparts a reciprocating 
movement to a finger-lever, and this lever actuates a single slide-valve 
of equilibrium-piston form. I'his valve is so arranged that a fixed 2728. 

action places it in such a iiosition as to close the steam-inlet and exhaust- 
ports when the main piston is at the end of its stroke, and when this is ' 
done the stroke of the piston-valve is complettMl by steam so as to ojien 
tli(‘ reverse steam and exhaust ports. This valve-motion is found to be 
very certain in its action, and works with great regularity, so that the 
stroke of the piBton Ib piacticaUy always the same length ; while, more- 



over, the engine it to mneh nndler oontrol that it can be nm at only one stroke a ndnnte) or at 
^y intermediate speed ^ to one hundred and sixty or more double per minute. 

The pnmiHsylmder, Bigs, 2780, 2781, is cast with its valve-ohamber entirely of gun-metal, and 
is fitted with india-mbher valves. These valves have very large clear opening without gratings^ 



1480 


ENGINES, VAEDSTIES OF. 


and with but moderate lift, and are so arranged that immediately the engine has been stopped all 
water leaves the pump, thus preventing accidents from freezing. These engines possess an advan« 
tage, the importance of which is very great, and that is the almost absolute freeaom of the pum^ 
from liability to become choked or set fast with sandy water, a defect which, when it exi^s, not 
only gives rise to permanent injury to the pumps, but also causes, after a few hours’ working, a loss 
of power of from 35 to 50 per cent, in the useful effect, a loss which continues until the pumps have 
bm taken to pieces and cleaned. 



At the side of the main pump is t)ie focd>pump taking its supply of water from the delivery 
passage of the main pump, and regulated by a cock with a graduatefl index plate. When the water 
pumf^ by the main pump is salt or foul, as it is in some oases, fresh wab^r is supplied to the bfiiler 
by opening another suction-cfick Up the same feed-pump, there Innng attached to this 0 (X!k a short 
suction-hose which is placed in a pail or tub of fresh water as with a (portable engine. The feed- 
pump h^ a brass-imsed ram attached to the main cross-head, and it can bo used for feeding the 
boiler without passing water through the main pump ; while, moreover, in cast) the boiler l>e care- 
lessly allowed to get short of water, the main pump by working the engine slowly can dischiuge all 
its water direct into the boiler. 

The main pump is fitted with copper suction and delivery air-vessels, and a pressnre-gaugo and 
two delivery-outlets, each with stop- valves screwed to receive the couplings of delivery-hoses. The 
engine has a drivoi^s seat, seats and room for twelve firemen, and foot-plate behind the boiler on 
which tlio stoker rides and attends to the fire whilst en route^ as the nro-domr is at the hind end 
between the two coal-bunkers. These latter carry more than an hour’s supply of coal, and there are 
brackets provided for 30 ft, of suction-hose, banker for 280 ft. of leather delivery-hose, and a tool- 
iH^x for branch pipes, nozzles, and other small things that may be required. A pole and swing-bars 
are also provided so that two horses may be attached when required These ensdnes are not only 
® ^ power to pnmp water through ddivery-bose IfiW 

or 2000 ft. lung, and yet to deliver a good jet of water at the end. The steam-eylinw la tih 
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diameter, and the double-acting pump 4} in. in diameter, the stroke of both steam and water pistons 
b§ing 12 in. 

Altogether we oonsider that the engine just described is well planned, and that the details are 
well carried out. 

Fig. 2732 represents one of Men 7 weather *8 steam fire-engines which can be used afioat to 
extinguish fires on shipboard. 

8handt Mason^ and Cb.'s Equilibrivm BUam Fire-Engine . — ^The boiler and pumps of this engine 

are conveniently placed, close to the hind axle ; the 
front part of the carriage being reserved for the fire- 
men, with their hose and various implements, the 
whole being mounted on four high wheels, and well 
poised on spring 

The boiler, by an arrangement of indined water- 
tubes, combines great rapidity in generating steam 
with economy of fuel ; this boiler, Figs. 2733, 2735, 
2736, is extremely simple in construdion. 100-lb. 
pressure of steam has frequently been raised from 
cold water in six minutes and forty seconds. 

The engine consists of a set of treble pumps, 



which are worked direct by a corresponding set of treble steam-cylinders, the whole being fixed 
to the boiler. 

Fig. 2733 is a longitudinal section. 

Fig. 2734 is an end elevation. 

Fig. 2735 is an elevation of the tube-chamber, showing the arrangement of the tubes. 

Fig. 2730 is a plan of the tubo-ciiamber for the same purpose. 

A are steam-cylinders; A„ fire-box; A^ fire-bars: A„ combustion-chamber; A,, chimney; 
A,, steam-chest ; B, plungers ; C, connecting-rod ; C„ safety-valves ; C,. exhaust-pipes ; C„ steam- 
pipe; O 4 , steam-regulating valve ; D, engine-frame; D„ feed-cistern ; Dg, hose-mx; driver’s 

8 <*at; D^, driver’s hKitlssird ; 1),, btxit to carry hose, and support locking; D„ lockings ; E„ front 
wheels; E,, rods by which hind footboiird is suspended; E,, hind springs; F. connecting-r<^; 

G, stuffing-box of plunger; H, cranks; H,, tuoes in boiler; I, crank-shaft; J, eccentrics; 
J„ feml-pump ; K, bucket; L, foot- valve; L„ foot-valve joint : M, suction-nozzle; N, suction- 
chamber; O, pump-barrels; P, pumj)-head; Q, delivery -nozzles ; Q,, delivery-valve handle; 

H. hind axle; 8 , fire-door in boiler ; T, hind footboard ; U, hind wheels ; V, air-vessel; W tc, front- 
spring shackles; j*, front axle; Y, front springs; Zr, hind-spring shackles. 

There are tliroe steam-cylinders and three pumps direct acting, on the bucket-end-plunger 
typOf the plunger Ix^ng half the area of the buckets. The buckets are bolted to the plungers, and 
are shown at K, in Fig. 2733. The foot-valve is shown at L in the same figure. Access is obtained 
to the valves by unscrewing the bolts L, and dropping the suction-chamber N, with the foot-valves, 
bodily down, then the bucket can be disconnected from the plunger and dropped down in the same 
manner. The foot-valve is made fast by sweating to its seating. 

The suction-hose is screwed to the nozzle M, and the delivery-hose to the nozzles Q Q. 

When all is placed r^y for starting, the engine, by lifting the bucket, fills the pump-barrel O, 
and on the return stroke (down) the water is transferred through the bucket K into the upper side 
of the pump-barrel; but at the same time half of the quantity is discharged by the plunger, and 
the other half remains to be discharged by the next up-stroke by the buoket. An air-vessel V, 
Fig. 27^ is in oommunioatiou with the pump-head. 

The boiler is of the water-tube class, having the tubes ananged in separate layers, Md 
layer at right angles to one immediately above or below it; they are also mdmM, to 
ensure a droulation of the water, which goes on in the direotlon shown by the arrows, Figs. 
2788, 2786. , . 

* Whmi it becomes necessary to examine the boiler, it can be readily done by uuscrewmg the 
bolUatB, and B,, Fig, 2788, and lifting the shell entiiely off,* then everyone of the tubea are 
exposed. 
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The iprings ere provided with eheokles W, Fig. 2738; on their hind ends, to give play without 
injury to the machine. 

) 9734 . 
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SUom Soad^SdOer of Ayding and Porter, of Booheater.o-Thia maohine, Figs. 2787, 2788, weigha 
15 tons, and is mounted on four broad wheels or rollers, the front pair, which are 5 ft. in diameter, 
acting as the driving wheels ; these rollers are so placed that the total width rolled is 6 ft. Tha 
hind pair of roUeis, which are 4 ft. 9 in. in diameter, are placed dose together, so as to form, as it 



were, one broad roller, and they are 
of such width that they slightly 
overlap the tracks of the front 
rollers, as shown in the back ele- 
vation, Fig. 2738. The hind rollers 
are mounted within a ring acted 
upon by the steering gear, the hand 
wheel of which is situate on one 
side of the engine. The mounting 
of the hind rollers is, moreover, so 
arranged that the machine can, as 
it were, rock on them to some slight 
extent, and the front wheels are 
thus left free to adjust themselves 
to the curvature or inequalities of 
the road. The machine is practi- 
cally supported on three points, the 
most stable arrangement that can 
be employed. 

The general arrangement of the 
steam -cylinder and gearing is the 
same as that ordinarily employed 
by Aveling and Porter on their 
well-known traction engines, and 
all parts are readily accessible and 
completely open to inspection. The j 
fire-box is provided with a side fal 
door, the firing being performed by 
the driver, who stan^ on one side 
of the engine, while the steersman 
stands on the other. The foal and 
water are carried upon the strong 







rollers with the fore part of the 
machine, and the weight is ar- 
ranged m that it is Mnally distributed on the two pairs of roUeit, while the centre of gravity ii 
kept as low as possible. r- a* / 

090 K * a road-foU«, sinular to that we are now describing, rolled down a surface of 

^iS25sq. yds. of newly-metalled road in ten hours with A amsumpdon of 6owt.of coke; while 
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on another occasion 600 sq. yds. of similar road were rolled down smooth in 2} hoars, the consnmp* 
tion of coke being three bushels. 

• Besides road-rolling, the machine can, by merely placing spikes in holes provided in the wheels 
to receive them, be also employed for breaking up the roads. The machine at Manchester was 
tested with this class of work, and picked up an area of 2048 sq. yds. in three hours forty 
minutes, with a consumption of ICO lbs. of coke. The cross-picking was subsequently performed 
by hand-labour, the amount of this hand-labour being only equal to that of one man working sixty 
hours. See Aobioultubal Engines. Agbicultvbal Implements. Aib-Engine. Blowhto 
Maohinb. Boeing and Blasting, p. 515. Bbidqe, p. 793. Cam, p. 904. CoAL-ocxTiNa Haqhxnb. 
CoppEB, p* 1070. Dbedging Machine. Dbill. 

ENVELOPE MACHINE. Fb., Machine h plier les enveloppes; Gxb., Couvertfaltmasehinef 
Ital., Macchina da oopertine ; Span., Mdquxn/n para hacer sobres, 

Self'feeding Envehpe^f aiding Machine. — The credit of inventing this machine is due to G. H. 
Be^, of New York. 

To thoroughly appreciate the advantages these machines present, our readers must bear in 
mind that other machines re(|uiro three attendants to perform the operations carried out by 
those, which require one attendant only. There is the attendant to feed with one blank at a 
time ; and as ordinary machines deliver the envelopes simply creased, another attendant must 
place the flaps of the envelops in proper order and gather them up, whilst a third attendant is 
required to band them. In the machine wo are about to describe, the attendant sits down in front 
and places in tho proper receptacle a certain number of blanks, regulated according to their sub- 
stance ; the api>aratus picks up the blanks singly and conveys them to the creasing-box, and, 
during their progress, they arc stamped, if so required. After having been creased, the envelopes 
are, by a double action of the plungers, most securely and correctly feuitened and folded. After 
leaving tho nlungers, 
they are mechanically 
colloctetl and delivered 
to tho attendant in sym- 
metrical order ready to 
1x5 banded. Thus, from 
the time tho blanks are 
delivercHi to the ma- 
chine till tho iKjrfect 
envelope is turntd out, 
the att(5ndant has no- 
thing to do with them, 
wliich leaves ample 
time to bund them up. 

This machine is re- 
preseuUtl in front ele- 
vation at Fig. 27:i9. 

Fig. 2740 shows tho 
apitaratus in side ele- 
vation. Fig. 2741 is a 
plan, w'ith the upiior 
fniming removed, to 
show more clearly tho 
apparatus for feeding 
and pressing. A is 
tho main frame of tho 
machine ; it carries near 
its upper part a table 
B, above which is a 
plate 0 Bupjiorted by 
columns or pillars D on 
the table B. Tho plate 
C ih perforated for tho 
passage of tlic lifters. 

The table B also carries 
near tho front end an- 
other plate E, free to 
be moved in and out 
as required. This plate 
and a portion oi the 
table B are shown on 
a larger scale in iso- 
metrical view in Fig. 

2742, and inside view 
in Fig. 2746. The en- 
velope blanksare placed 
on the plate E when 
drawn out, as shown in 
Figs. 2740, 2741, and 

274^ and are kept in place by projeetioni a a on the plate. The projections are fitW et *op 
bent springs 5 ^ for a purpose to wliioh ve shall presently refer* When the plate E has been i^p* 
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plied with a number 
of blanks, it is pushed 
in, as shown in Fig. 
2742, nntil the blanks 
come against projec- 
tions cc on the table 
B, when they are in 
praition for l^ing fed 
singly into the ma- 
chine. The plate is 
then secured by means 
of a thumb-screw d. 

The table B carries 
guides F for vertical 
rods G G which pass 
through it. These rods 
are forked at bottom to 
embrace a horizontal 
rod H, while at top 
they are connected by I 
a cross-beam I from r 
which lifters J J de- ^ 
pend. These lifters 
perform the double pur- 
pose of gumming the 
envelope blanks and of 
lifting them one by one 
from the supply-plate 
E. The lifters are 
forked at bottom, and 
the forked ends are sup- 
plied with gum from 
the rollers ee^ which 
have a to-and-fro mo- 
tion imparted to them. 
Immediately after 
Iwing gummed, the 
lifters J J fall, come in 
contact with and take 
up the uppermost 
blank, which adheres 
to their gummed sur- 
face. The lifters J J 
receive up-and-down 
motion from a rocking 
lever K centred on a 
shaft L at back of the 
machine, and acted 
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enas Jukve been gummed and have taken up a blank), in order that the blank may be released by 
coming in contact with the under-surface of the plate G. The bent springs 6 & on the projections 

• o a of the supply-plate K at the same time bend down or curve the end flaps of the blana to ensure 
its being caught by fingers. The second portion of the cam 1 then acts to raise the lifters J J still 
higher, when the gumming rollers e e come under their forked ends to supply them with gum for 
another blank. In the meantime, the first blank has been seized by fingers // on the ends of slide- 
rods gg^ which are moved to and fro in a framing A fixed on the back part of the table B. This 
movement is effected by a weighted rod N, which connects a cross-bar O of the slide-rods gg to the 
back shaft L. The weight on the rod N prevents all jar and shock in this part of the machine. 
The shaft L receives motion from a lever P on its end, acted upon by a cam 2 on the main shaft M. 
The lever P is furnished with a spring rod Q to keep a roller * carried by the lever on the face of 
the C4im. The fingers / / are undercut at the back, as seen in Fig. 2740, in order that in their 
backward motion the undercut portions may come against the blank and carry it to the creasing 
apparatus. 

'I'he gumming rollers e e receive their to-and-fro motion by means of levers R R connected to a 
cross-liar 8 under the table B ; the cross-bar 8 in its turn receives motion from a nearly vertical 
rod T, the lower end of which is forked and furnished with a roller jj which rides ujifm and is 
acted on by a cam 3 on the main shaft M. The gumming rollers ee are fitted in a frame which 
moves to and fro in gui<ieH on the plate C ; any gum which may fall from the rollers is caught 
U|>on this frame. The rollers are composed of printer’s composition covered with iiidia-rubl>er. 
They rt'ceivo their supplv of gum from another roller or doctor ^ which rotates partly in a box I 
cxnitaining the gum. The d<x;tor k is made to rotate by a projection on its axis being acted on by 
a pin on the shaft IT carried by a framing on the table B. This shaft receives motion through 
a pulley V, over which a band pasm^s to another pulley W on the main shaft M. The gum-box I 
is provided with a scraper or spreader to regulate the supply of gum. 

The jilate C has two ribs m m formetl on its under-side, which, as the envelope blank is being 
carri<'d back by the fingers //, as before explained, keep the end flaps slightly curved downwards, 
in order that the blank may bo presented in that position to tlie plunger. Beneath the plate C is 
an inclined plate n which supjiorts the bo<ly of the blank while l>eing carried to the creasing-liox. 
Immediately the blank is brought over the creasing-ljox, a top plunger X comes dowm U]X)n it and 
driv(!s it into the cn-asing-liox. whorebv the four flaps arc creased or brought into a vertical posi- 
tion ; the plunger X then ascends, f’p-and-down motion is imparted to this plunger through a 
vertical r<xl Y connocte<l to a horizontal beam Z above the machine. The beam Z is again con- 
ni‘cti‘d another vertical red A‘ forked at its lower end, and carrying a roller o, which rides on a 
cam 4 on the main shaft M, except after the plunger X in its down-stroke has reached the envelope 
blank. If tbf; pr('ss\ire of tlu? plunger is not sufiicient, greater pressure is caused to be exerted by 
another roller which rides over the roller o at every revolution of the main shaft. This addi- 
tional roller o* is carritnl on a pin adjustable in a slot (see the detached view. Fig. 2743) in an 
arm or crank o* on tlu' tnain sliaft. The lieam Z is guided in its motion by a roller which bears 
against a projection on the u[>per part of the main frame A. 

When the top plunger X n.scends, two fingers g q come down upon and fold the end flaps of the 
blank ; then another finger comes down u)K)n and folds the back flap, the inner surface of which 
has lieen gummed ; a fourth finger </’ then comes down u{X)n and folds the front flap. Simulta- 
fuvmsly with the coming down of the two end fingers 7 7 , a bottom plunger X* is made to ascend 
to tlie liottom of the creasing- Ixix to 8 Up[)ort the blank. Immediately after the folding of the 
flaps by the four fingers, tiie top {ilungcr X again descends and carries another blank into the 
creasing-box. The fingers tlu-n retire by means of nuH;hanism we shall presently descrilie just 
before the plunger X in its down-stroke would press upon them, and thi.^ plunger exerts pressure 
upon the edges, and still greater pressure uiiou the gummed portion (owdng to the peculiar 
construction of the face of the plunger) of the envelope, the folding of which has just been 
oompletiHl. Tlu^ finished enveloiie and the creased blank are now momentarily held between the 
two plungers X X*. 

It will thus be seen that each blank remains in the creasing-box during two descents of the top 
plunger X. The Ixittom plunger is made to rise and fall by means of a cam 5 on the main 
shaft M, against which a roller r on a forked vertical rod B*, which carries the plunger X^ bears. 
I'be finishfxl envelope is caustnl to fall from the top of the plunger X^ by means of two projections, 
wh 'cli in the down-stroke of this plunger pass through slots, and tilt theliackof the envelope, w hich 
falls edgewise down a shoot I)’ inh> a box Cb The back of this box is free to slide in and out, and 
is coniuxrtcd to a lever .v, centred on a siipjiort t fixed to the main frame A ; the pin which connects 
the lever s to the supixirt <, also connects to the same support a curved lever ti. A bar r, which 
supports the vertical rads G G, presses in its downward motion upon the curved portion of the 
lever u, and through the lever s causes the back of the box to carry forward into the box the 
envelope last delivered fram the creasing-box. The box C* extends to the front of the machine, and 
forms a table, which may be used by the attendant while banding the envelopes into packets as 
they are t^en out of the box. 

The two fingers 7 7 , for folding the end flaps of the envelope, as before explained, are arranged 
as ^own in Fig. 2745, and act as follows; — They each consist of a plate with bevelled edges 
seemed at back to a block and are furnished with adjusting screws, wich block x works upon a 
pivot y in an arm s, carrying a boss formed with teeth on a portion of its periphery; the teeth 
on etuStk boss are geared into by a rack or iootht'd boss on the upper part of a vertical rod c*. The 
two vertical rods c* are connected by a horizontal bar d* caused to rise and fall by another vertical 
rod /*, the lower end of whioli is forked and furnished with a roller g^ which rides over a cam 6 on 
the main shaR. In the down-stroke of the forked vertical rod /* the racks on the rods c*, by gear- 

• ing into the toothed bosses cause the fingers 7 7 to turn upon their pivots y, and take up a 
pontion over the emsing-box and under the top ganger, and so fold the flaps. In the up-enoke 
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The fingers 9 * for folding the beck and front flaps of the envelope are arrang^ and aet 
similarly to the fingers q g, for folding the end flaps^ as just explained. The finger gi is acted on 
by a nearly vertical rod toothed at its upper part and forked at bottom, where it carries a roller t\ 
which rides over a cam 7 on the main shaft. The finger is similarly acted on by a rod roller P, 
and oftin 8 . In order that the top plunger X, the second time it acts on each blank, may, after the 
fingers retire, exert greater pressure on the gummcjd portion of the envelope, ribs or projections n* 
are formed on the face of the plunger, as shown in Fig. 2744, which is a view of the face of the 
plunger, to correspond with the gummed portion, in addition to the ordinary rib or projection 0 ^ on 
the edges of the face of the plunger. As there are three thicknesses of paper at the gummed 
portion of the envelope, this portion consequently receives the greatest pressure. The plunger X is 
perforated for the escape of air. To prevent the envelope blanks adhering to each other, a portion 
of the supply*plate is removed, as seen at Fig. 2746, so that the lifters J J, in coming down upon 
the blan^ may press down and separate their edges. 

The forked vertical rods referred to as being fitted with a roller riding on a cam on the main 
shaft are each furnished with a spring to keep the roller down upon the face of its cam. 1 \) raise 
the top plunger X and its beam Z when neocssa^' for clooning or repairing the machine, a curved 
lever £ Is fitted on the main frame A. By turning the lever on its pivot it comes against a roller 
F* on the beam Z, and raises the beam until the roller falls into a slot formed for the purpose in the 
lever £*• See Pin-making Machine. 

EPICYCLOID AL WHEEL. Fa., Moue fpicyckfldal ; Geb., Epkyhhidenrad ; Ital. Rmta spi- 
cichidale ; Span., Bueda da e]>icici<nde. 

See Mechanical Moveu^ts. 

ESCAPEMENT. Fr., ikhappment ; Oer., Ifmmung ; Ital., Scappamento ; Span., Escape, 

Escapements are contrivances for converting a reciprocating circular motion into a discontinuous 
circular motion in one direction. 

Fig. 2747 represents an arrangement of this nature. Upon the shaft O is fixed a toothed wheel, 
the teeth of which form an acute angle, but present one face coinciding with the radius, whilst the 
other makes writh this radius a more or less com- 
siderable angle, or, in other words, one face of the 
tooth is perpendicular to the axis and the other 
forms a kind of mclined plane. This is called the 
ratchet-wheel. * A lever O A, which moves inde- 
pendently of the shaft, turns upon the same axis O. 

In a point C of this lever is a ratchet or click C D, 
the end D of which drops into the teeth of the 
wheel, and is held in this {Kisition by a spring r 
fixed to the lever. When the lever is moved in 
the direction of the arrow, it drags the wheel with 
it, thereby causing the wheel to revolve to a cer- 
tain extent. When the lever is moved in the 
contrary direction, the end D of the click slides 
up the inclined plane formed by the next tooth 
and drops into the following one, and so on over 
several teeth in succession. The reciprocating motion of the lever thns eanses the shaft to revolve 
constantly in one direction, but in a discontinuous manner. As the shaft is usually acted upon by 
a resisting force which wonld tend to make it revolve in the contrary direction, a contrivance is 
required to prevent this backward motioa This contrivance is a click, or, as it is commonly odled, 
a Mwl I E, which turns about the point I, and drops at its other extremity into the teeth of the 
wheel; in this pyition it is held by a spring / fixed, as well as the axis I, to the frame-work of 
the machine, when the wheel turns in the airection of the arrow, the incliniHl faces of the teeth 
slide over the pawl by forcing the spring r* to yield, and in this way a certain number of teeth 
escape. But whra the lever turns in the contrary direction without moving the wheel, this latte 
is held in its position by the pawl, which cannot jield to the pressure exerted upon it by the to^h, 
because this pressure normal to the tooth has a ohrection E N passing lietween the axes of rotation 
1 and 0 , and tending to drive the pawl towards the right, which is impossible, since the points 
O, E, I, are the snmmits of a triangle the sides of which are invariable. 

This kind of ratchet is frequently employed in those manual nuu^hines which are used to lift , 
the materials in bailding. It has ate bmapplte with some slight nmdifloations to drain, cimti^ 
presses, Ac, 
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It will be seen that the shaft revolves daring one-half only of the oscillation of the lever. Bui 
by placing a ratchet at each end of the axis 0 in such a way that one ascends whUe the other 
I descends, the motion of the shaft may be rendered nearly eontinnous. This condition is, however, 
eqoally fulfilled by Lagarousse's lever^ represented in Fig. 2748. 

This lever, which turns about a fixed axis 1, has two clicks jointed to it in the points 0 and G' ; 
these clicks fall into the teeth of the wheel O upon the axis of the shaft. They are held in this 
position by springs fixed to the lever, and the wheel is held by a pawl as in the first arrangement. 
The way in which Lagarousse’s lever works is evident. When the end A is lowered, the click 0 D 
drags the wheel round; at the same time the click C'D' is liberated and allows a certain number 
of teeth to escape successively. When, on the contrary, the end A is raised, the click C' D' drags 
the wheel round, and the click G D is liberated, allowing, in its turn, a certain number of teeth to 
escape. In this way the wheel is left stationary only during the very short space of time occupied 
in changing the direction of the motion of the lever. 

In the eumple, Fig. 2748, the lever acts upon the toothed wheel by pulling ; it might be made 
to act u(X)n it by pushing^ by merely changing the direction of the inelinatioTi of the teeth. The 
shaft, in this case, would turn in the contrary direction. 

3748. 2f4». 
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The ratchet-wheels desoribcd above are open to the grave objection of causing, when they are 
large, an intolerable noise, duo to the shock of the click each time a wheel escapes. This objection 
has been removed by the arrangement represented in Fig. 2749. The teeth of the wheel are, in 
this case, nearly straight, and offer on each side only a slight inclination with respect to the radius. 
A Ixjnt lever F O m rt turns o>>out the axis of this wheel mdei)endently of the wheel itself. In the 
I^oint F is fixed a click F D, the end D of which falls into the tooth of the wheel. A lever O A, to 
the end A of which the force is applied, also turns about the axis O; this lever and the click are 
coniuictcMi by the red C I jf)int<Hl at its extremities. The play of the lever O A is limited by two 
pins or studs m and n fix«l to the Iwiit lever. When the end A is lowered, the click drops into the 
tc<*th of the wheel and foiws it round. But when the end A is raised, the click is forced up by 
tho nd C I ; and the lever striking agninst the stud n turns the bent lever independently of the 
whec'l. The end A Iwing now br<iught back to its former ix>8ition. the click is drawn down into 
the teeth of the wheel by the nd I C, and the wheel is again forced round. The stud m merely 
shows the position of the lever wh(*n the click has a firm hold of the teeth. With this arrangement, 
the intervals of rest are somewhat longer than in those described above. 

Instead of the ratchet and UKithed wheel, friction may be employed to bring about the same 
result. Of these contrivances, the two most important are that due to M. Saladin, of Mulhouse, and 
that known as DoIki’s, We will first ex{>lRin the principle of tiie former. To that end we will 
oonsidor, in tho first place, a horizontal cylindrical rod or shaft AB, Fig. 2750, revolving between 
guides, and 8upp<is6 it embraced by a ring <i a\ the inner 
diameter of which is a little greater. This ring is pro- 
vided witJi a handle or lever a to the end b of which 
a motive force F may bo applied in the |>lane of the 
symmetry of tlu^ system, which we will suppose to be 
that of tbe figure. On acaiuut of the play between the 
shaft and tho ring, the latter will slide freely along the 
shaft when it is held nearly uaralltd with a right seo- 
tion. But if it is acted upon by a force F which causes 
it to assume the (msition shown in the figure, in w'hich 
it touches the shaft in tho two opposite jioints a and a\ 
sliding may l)ooome imjiossible, indej>endently of the 
intensity of tho motive force. For, in onier that tho 
ring may slide along tho shaft while maintaining this 
position, tho reactions B and R’ exortt'd by the shaft at 
tho points of contact ci and n* must make with the normals 
a n and a* n* angles equal to the angle ^ of tho friction 
of tlie bodies in eon tact. l.iet I bo tho point of inter- 

section of the directions of the forces 11 and IV. In order 
that the ring may ba moved along with a uniform 
motion, or in older that it may be on the point of 
being so moved, equilibrium must exist between the 
three forces F, R, and R', and consequently the force F must pass through the point I. Thu 
condition is sufficient for equilibrium (neglecting the weight of the nng^ wd to obtain the 
intensities of the reactions B and R' we have only to transport the force F to I, in a cciRmry 
direction, and to decompose it according to the rule of the paruUologram of forces, in the durec- 
tions « B and a' R', If now we vary the angle which the reactions make with the ooiTMpondmg 
normals, the p^t of wiAAtin g 1 of these reactions dosoribes a branch of an equilateral hyperbola 
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ale which passes ihraiii^ the point a and which has as its asymtoie the straight line OY, 
drawn throngh the middle Oof a a* pemndienlarly to the direction of the shaft, or to the hori* 
sontal I H. This granted, if the force F, passing through the point 6, made with I H an angle , 
greater than the angle 6 1 H = a, it would meet the hyperbola between 1 and a ; therefore, the 
reactions, at the point of meeting, must make with the normals angles greater than the angle 
which is impossible. This amounts to saying that, in this case, equilibrium would not exist, and 
the ring would be forced along the shaft. But if the forc.e F made with the direction of the shaft 
an angle less than a, its direction would met^t the branch of the hyperbola between 1 and 0, and 
consequently the reactions R and R' would then make with the normals an angle less than the 
angle of friction ^ ; and, in this case, sliding becomes impossible. This result is independent, as 
the student will see, of the intensity of the moving force F. From all this wo conclude that, in the 
case in which the force F makes with the direction of the shaft an angle smaller than a, the ring 
Being unable to slide along the shaft, the latter will be forced in the direction of A towards B, 
whilst if the angle of F with the shaft is greater than a, the ring may slide without dragging the 
shaft. Upon this fact, which may be easily verified by experiments, is founded the invention of 
M. Saladin. 

Upon the axis of the shaft is fixed a wheel, the outer rim or fellies of which are broader than the 
arms or spokes in the direction parallel to the axis of rotation ; the section of this rim is shown by 
the hatched portion of Fig. 2751. It is embraced by a kind of ring fonned of the branches a 6, a ft, 
between which the arm m n passes, and a sphere O’ fixed to the branches aft, oft, by a pin through 
its diameter a a. This sphere is affixed to a rod p which slides through a hole C in a piece on the 
end of a lever A B turning about the axis of the wheel, but indejiendent of this wheel. Pig. 2752 
shows the general arrangement of the wlieel and the lever. In the position there indicated, the 
rim is seizS or pressed between the branches a ft and the sphere O ; it follows from this that when 
the end B' of the lever is lowered, the rim is ach'd upon by a force which tends to make the wheel 
revolve in the direction of the arrow. Wlien, on the contrary, the end B' is raised, the end B 
descending, the branches or arms a ft assume a position normal to the circumference of the wheel, 
and may, in virtue of the play left between the circumference and the sphere O, follow the motion 
of the lever without exerting any force upon the wheel. A similar system a' ft', on the end of a 
fixed arm M N, plays the part of the pawl in a ratchet-wheel. When the wheel turns in the direc- 
tion of the arrow, the branches a' ft' occupy a position normal to the circumference, and therefore 
allow the wheel to pass freely. But when the motion is arrested, the branches a' ft' fall back by 
their own weight, and if the motion had a tendency to take the direction the cfjntrary of that indi- 
cated by the arrow, the circumference of the wheel would bo pressed between these branches and 
the sphere, and the motion would thus be rendered impossible. 



It will ^ seen that the wheel revolves daring one only of the two oscillations of the lever. But 
a system similar to that of Lagarousse’s may be ad(^ted ; this arrangement is represented in 
Fig. 2753. To a lever A B B', turning aljout a horizontal axis O, are jointed two rods or arms B 0 
and B' O', and to the ends of these C and C' rings are adapted analogous to those of the system we 
have b^n describing ; these rings embrace the circumference of a wneel fixed upon the shaft it is 
requbed to turn. When the end A of the lever is raised, the point 0 is raiscA also ; the oorro> 
ending ring press^ against the circumference of the wheel and causes it to revolve. The point 
C, on the contrary, is lowered, and the corresponding ring assumes a direction normal to the clJ^ 
cumferen^, allowing the wheel to pass freely. The inverse of this takes place when the point A 
is lowers, so that the wheel is made to revolve with each movement of the lover. 

*». system is founded upon similar principles. A plane and a sectional view is friven In 

Fig. 27M. Upon the shaft O O is fixed a disc A A, revolvi^ with a gentle friction in a ring B B 
to which the motion is communicated, either by hand on the handles P P, or by some other means, 
Upim A in the hollow space between the shaft O O and the ring B B,ar6 fixed a number 

of pieces M, turning^ about axes c, c, c, fixed to the disc, and terminating on the side of the 
^ circle b&yiAg a radius a little less t^n that of the ring. Bmalf springs r, r, r, also 
toed to the disc, press lightly upon these pieces; and, as the distance from the axis c to the angle 
of the ^lece in coo^ the spring is a little greater than the normal distance friim the point o 
•4 ^ w lo force this angle to rest against the ring. The normal mO 

— ^tne point of mtaot m ak es only a small angle of about 9 degrees with the straight line me** 
' ring is turned in the direction oonirary to the arrow, the pieces M, M, M, Ibroe the 


When 
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oorrespondini^ springs to yield, and, in virtue of the play which is thereby produced, the ring revolves 
without tunu^ the disc. When, on the contrary, the nng is turned in the direction ortne arrow, 
%he spring establish contact between the pieces M, M, M, and the ring ; the piece M not being able 
to turn about the point c in the direction that the ring tends to give it, it follows that the reaction 
of the ring passes through the point o. But the angle O me being less than the angle of friction 
for the substances in contact, the 


2764 . 
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piece M cannot slide with a relative 
motion upon the ring ; consequently, 
the latter forces the disc, and of 
course the shaft upon which the disc 
is fixed, to revolve. The particular 
advantage offered by Dobo’s system 
is that the extent of the motion com- 
municated to the ring is absolutely 
arbitrary, instead of hieing, as in the 
other systems, limited to the oscilla- 
tions of a lever. 

To the foregoing systems may bo 
added that of Chameroy, which is 
employed in screwing together gas or 
water pipes. It consists of a cord 
B C C'B, Fig. 2755, which is passed 
round the pipe and fixed at each end 
to a lever D E, the lever lAing thus 
pressed against the pipe. If a force 
F be exerted upon the lever in the 
direction indicated in the figure, the 
cord cannot slip over the surface of 
the pipe, and consequentlv the pipe 
is tunte<l upon its axis. If, on the contrary, a force be exerted in the contrary direction, the cord 
and the lever slip over the surface of the pipe, and may be brought up to their first petition. 
Again applying a force in the direction of F, the pipe is turned upon its axis, and so on till the 
work is completed. 

Viewed mathematically, these results appear as follows: — 

Let P be the weight of the lever, T and T' the tensions of the cords BC and B'C\ R the 
reaction of the pipe upon the lover. For the sake of simplicity we will suppose the cords B C and 
irC' parallel. Let a be the angle which their direction makes with the horizontal, and i the angle 
of the reaction R with this same horizontal. The conditions of the equilibrium of the lever I) £ 
give the three equations, 

F -h (T' 4* T) cos. a — R cos. v = 0, 

P — (T' -f T) sin. a 4- R sin. • = 0, 

niul, making D A s 4 and A 0 ~ r, 

FA~Pr -(T'-T)r-RrBin. i = 0. 

The condition of the slipping of the cord upon the pipe requires T' ; 
coefticient of friction, wo make ts = 4. whence T' = 4 T, 

The equations of equilibrium thus oecome 

F -I- (4 + 1) T CCS. o — R cos. t = 0, 

P — (4 -f 1) T sin. o -h R sin. i = 0, 
and F4 — Pr — (4 — l)Tr — Rr sin. • = 


: T ; putting / for the 


or 


F - - P - (4 - 1)T - R sin. • = 0. 


[ 1 ] 


From the first two we deduce 


F sin. • 4- P 008 . • =r (4 -f 1) T sin. (a • 
F sin. a + P a = R sin. (a — •). 


• 0 . 


If we deduce from these latter the values of T and of R, and substitute them in [I], we 
obtain 

h 4 — 1 F sin, t 4 “ P cos- » (F sin, a 4 - P cos, a) sin, t _ ^ 

r * "" 4 4-1 * sin. (o — 0 sin. (a — •) * 

s— 1 


» relation from which, by patting = m, wo deduce 


_ . — . lan. • 

r (m -h sin. a) cos. i 

This formula gives a negative value for F, when a is equal to or l^ than i. But in the 
Piesent ease • is the angle of the friction of the lover upon the pipe. Therefore, when the conmon 
Inclination of the cords BO and B'O* becomes equal to or less than the angle of the fnctira of the 
lever upon the pipe, wo have a result incompatible with the hypothesis, which ahows^that this 
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hypothesis is then inadmissible, and that consequently the apparatus cannot slide upon the sur- 
face of the pipe. 4 

If the n)rce be exertcjd in the direction contrary to F, the aiji^n of F must be changed in the 
formula} ; also, the sliding motion having a tendency to take a contrary direction, we must put 

T = T'cir, or T' = ^ T, that is, the k must be changed into which is eipiivalent to changing 

the sign of m ; and, in accordance with the principles relative to friction, the sign of t must be 
changed. The formula [2j thus becomes 

F = , [3] 


sin. (o — i) 


(m — sin. a) cos. i 


- — tan. I 


It will be observed that, provided sin. a be less than m. h may be so arranged as to render the 
denominator positive; therefore the ferce F is positive in this ease. And the result being compa- 
tible with the hypothesis of the sliding, it follows that sliiling may take place. 

The above modes of prulueing motion is apidie<l to various pur|»ose8, among which we may 
mention stwing by rnnrhincry^ in which case the woo<l to be sawn has to be puslied forward while 
the saws ascend; and tceaviny by i/, where a similar iuovemc*nt of the fabric is reciuircnl. 

Fig. 275(1 represents a verge escaixJincnt. On oscillating the spindle K, the crown-wheel has 
an intermittent rotary motion. 


2758. 
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Fig. 2757. An escapement. D is the cscapo-whecl, and C and B 
the pallets. A is the axis of the {»llets. 

Figs. 2758, 2759, The former is what is termed a rcroil, and tho 
latter a rqxtse or escaiM3ment for chx^ks. The sann* U tters of 

reference indicate like parts in both. The anchor II L K is caustnl, by 
the oscillation of the pendulum, to vibrate ufKm the axis ti. Between 
the two extremities or [willets 11 K is [ilaccd tlie escape- wh<;el A, tho 
teeth of which come’ alternately again.st the outer surface of the pullet 
K and inner surface of |mlk*t II. In Fig. 2759 these surfaces are cut to 
a curve concentric to the axis <i; consequently, during the time one of 
the teeth is against the pallet the wheel remains |>erfectly at re.st; 
hence the name rcjtose or dead^Jpeat. In Fig. 2758 tho surfac<^M are of a 
different form, not Dece.ssary to explain, ns it can l^e unilerslorKl that 
any fonn not fvmecntric with the axis a must protluct; a slight recoil 
of the wheel during the escajK? of the to^dh, and hence the t<‘rm nrod 
escapement. On the pallets leaving teeth, at each rwcillation of tho 
pendulum, the extremities of teeth elide along the surfaces cv and db 
and give sufBcient impulse to ixndulum. 

Fig. 2760. Another kind of |>cndu]um escapement. 

Pig. 2761. Arnold’s chronometer or free cscajKmient, sometimes used In watches. A spring A 
IB fixed or screwed against tho plate of the watch at b. To the undcr-side of this spring is attached 
a small stop d, against which rest succes- 
sively the teeth of tho cscapK)- wheel B; 
and on the top of spring is fixed a stud t, 
holding a lighter and more flexible spring 
which passes under a hrx)k k at the ex- 
tremity of A, so that it is free on being 
depressed, but in rising would lift A. On 
the axis of the balance is a small stu<l a, 
which touches the thin spring at each 
oscillation of l^alanco- wheel. When the 
movement is in tho direction shown by 
the arrow, the stud depresses the spring 
in passing, but on returning raises it and 
the spring A and stop </, and thus allows 
one tooth of escape- wheel to pass, letting 
them fall immediately to arr^ tho next. 



2761. 



At the same time that this tooth escapes, another strikes against tbe side of the notch <7, aua 
to balance-wheel the force lost during a vibration. It will bounduntood that only at one 
the free movement of balance opposed during an oscillation. 

®*‘**‘*- ® in fwnt of *•» 

•nd the other at the bacL The atuda an arranged in the eamo manner, and reit alternately upoa 


jvnKfrap 

poln|lf 
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As the cur?e of the pallets is an are described from F, this is a r^pow 


the front or back pallet. 
oMead'^at escapement. 

Fig. 2763. Duplex eewp^ent, for watchee, so called from partaking of the characters of the spur 
and crown wheel. The ras ^ balMw <^es pallet B, which at every oscillation receives an impulse 
the crown teeth. In the axis A of balance-wheel is cut a notch into which the teeth round the 
edge of the wheel suooessively frll after each one of the crown teeth passes the impulse-^Uet B. 



^ t'scapement. Fig. 21CA shows the cylinder in perspective and 

Fig. 27t>5 shows part ftf the <‘scape-wljeol on a large scale, and represents the different positions 
taken by cvlinder Alt during an oscillation. The pallets a, 6, f, on the wheel rest alternately 
on the inside and outside of cylinder. To the h»p of cylinder is attached the balance-wheel. The 
wheel pallets are bevelled, so as U» keep up the impulse of balance by slidiug against the bevelled 
edge of cylinder. 

1 escapement. The anchor or piece H, which cames the palhds. is attached to 

lever h i , at one end of which is n notch K. On a disc st'ciircd on the arlx^r of balance is fixed a 
Binall pin which enters the notch at the middle of each vibration, causing the pallet to enter in 
and retire from lH*twecn the teeth of cscaiH'-wh(»el. Tho wdieol give.s an impulse to each of the 
rmllcts alternately ns it leaves a tooth, and the lever gives impulse to the balance-wheel in opposite 
directions altcniately. 


2T6«. 


2T6:. 


2t(5«. 








Fig. 27C7. An cBcapoment with a lantern- wheel. An arm A 
carries the two pallets It and C. 

Fig. 27G8. An old-fashioned watch escapement. 

Fig. 27(59. An old-fashiomil clock escapement. 

Figs. 2770, 2771. A clock or watch e8cai>ement; Fig. 2770 
wdng a fro d elevation, and Fig. 2771 a side elevation. The imllet is acted upon by the teeth of 
one and tho other of two escape-wheels alternately. 



atTO. 2T71. 2m. 



Fig. 2772. Balanee*wheel aaeapement 0 is the balance ; A B arc the pallets * and D is the 
®«oape-wheaL * 
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Fig. 2773. A dead>beai pendulum escapement. The inner face of the pallet E and outer face 
of D are conoentrio with the axis on which the pallets vibrate, and hence there is no recoil. ( 
Fig. 2774. Pin-wheel escapement, somewhat resembling the stud escapement shown by Fig. 
2762. The pins A B of the escape- wheel are of two different forms, but the form of those on the 
right side is the best One advantage of this kind of escapement is that if one of the pins is 
damaged it can easily be replacedi whereas if a tooth is damaged the whole wheel is ruined. 

ans. «rt4. 7m. 




Fig. 2775. A singlcs-pin pendulum escapement. The escape-wheel is a very small disc with 
single eccentric pin ; it makes half a revolution for every beat of the pendulum, giving the impulse 
on the upright faces of the pallets, the horizontal faces of which are dead ones. This can also be 
adapted to watches. 

Fig. 2770. Three-legged pendulum escapement. The pallets are formed in an opening in a 
plate attached to the |Kmduluui, and the three teeth of the escape- wheel ojxjrate on the upper and 
lower pallets alternately. One tooth is shown in operation on the upper |wllet 

Fig. 2777. A modificatioa of the above, with long stopping tooth D and E. A and B are the 
pallets. 

Fig. 2778. A detached pendulum escapement, leaving the pendulum V free or detachwl from 
the escap -wheel, except at the time of receiving the irapnlse and unlocking the whcn l. There is 
but one pallet I, which receives impulse only during the vibrations of the pendulum to the h ft. 
The lever Q locks the escape- whitd until just before the time for giving the impuls<\ wlu n it is 
unlocked by the click C attached to the pt ndulum. As the tKnclulum returns to the right, the 
click, which oscillates on a pivot, will be pushed aside by the lever. 


277-i. 27 HO. 



Pig. 2779. Mudge*t gravity esca|*icmont. The pallets A B, instrad of being on one arbor, are 
on two, as shown at C, The pendulum plays betwoen the fork-pins P Q, and so raises ono of the 
weighted pallets out of the wheel at <!ach vioration. When the pendulum returns, the pallettfalls 
with it, and the weight of the pallet gives the impulse. 

Fig. 27M. Thre^leggcd gt»vity cw>spem«nt. 'D.c lifting of th« pallet* A and B !■ donefcr 
the tbree pin* near the o<»itn) of the eacapo-wheel, the pallet* vibrating ftom two eentn* near the 
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point of supeiMioii of the pendnlotn. The eeoape-whoel ia looked by meong of stope D end E on 
the p^ete. ^ r 

Fig. 2781. Doable thie^Wged gravity eecapement. Two looking wheels ABO end afto are 
hpre used with one set of lifting pins between them. The two wheels are set wide enough apart 
TO all(^ the pallets to lie between them. The teeth of the first-mentioned locking wheel are 
^fiet ®top-tooth D on one pallet, and those of the other one by a stop-tooth E on the other 

Fig. 2782. Bloxam’s gravity escapement. The pallets are lifted alternately by the smaU wheel, 
and the stopping is done by the action of the stops A and B on the larger wheel. E and F are 
the zork-pins which embrace the pendulum. 

Fig. 27p. Chronometer escapement, the form now commonly constructed. As the balance 
rotates in the direction of the arrow, the tooth V, on the verge, presses the passing spring against 
A ** k pressing aside the lever and removing the detent from the tooth of the escape-wheel. 
As balw^ returns, tooth V presses aside and passes spring without moving lever, which then rests 
against the stop E. P is the only pallet upon which impulse is given. 
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Fig. 2784. liOver chronometer escapement. In this the pallets A B and lover look like those of 
the lever eeoapement, Fig. 2766; but these pallets only lock the escape-wheel, having no impulse. 
Impulse is given by teeth of escape-wheel directly to a pallet 0 attached to balance. 

Fig. 2785. G, P. Reed’s natont anchor and lever escapement for watches. The lever is so 
applied in combination with chronometer escapement, that the whole impulse, balanced in one di- 
r^tion, is tmnsiuitted through lever, and the whole impulse in the opposite direction is transmitted 
directly to chronometer impulse-pallet, locking aud unlocking the escape-wheel but once at each 
impulse given by said wheel. 

Fig. 2786. G. O. Guemsoy’s patent escapement for watches. In this escapement two balance- 
wheels are employed, carried by the same driving power, but oscillating 
in opposite directions, for the purpose of counteracting the efibet of 
any sudden jar upftn a watch or timepiece. The jar which would 
accelerate motion of one wheel would retard the motion of other. 

Anchor A is secured to lover B, having an interior and exterior toothed 
s« gment at its end, each one of which gears with the pinion of balance- 
wheels. 

EBCAPE-VALVK, Fb., Soupape <U trop pldn ; Gee., Flucht VentU, 

fice Watkb-workb. 

EVAPORATGR PAN. Fa., Chmtdi^ fyaporatoire; Geb., Ab- 
dampfpfatiM ; Ital., Appartcchio iTenaporazione ; ©pan., CApsula, 

Sugar FIvaparaiing Apparatu$,-^ln concentrating cane-juice, after it has been expressed by the 
cane-mill, a variety of processes has been adopted ; the apparatus most generally in use is called 
the Battery, and coasts of five or six pans all placed in a line, each lees than the preceding one 
in the proportion that the liquor is oonoentrated. The liquor is first put into the largest pan, and 
ladltNl from one to another suwwssively till its arrival at the lost, csdled the finishing teaohe, in 
which the sugar is brought to the required density. It is thence taken to the curing house, where 
it is placed in suitable vessels for allowing the complete drainage of all the molasses or unerystal- 
licable portion, a large part of whiol^ however, oan be rendered into soger by reboiling, which is 
nmsUy oifeoted in reflnmee. 


2786, 
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In the battenr prooess the greatest danger arises near the termination of the boiling in the 
teaches, under which the fire is immediately placed. The density to which the sugar has been 
brought renders carbonization difficult to be avoided at this stage of the process, and great care 
is necessary in the management of the hre. * 

To meet these difficulties, the apparatus, shown in Figs. 2787 to 2789, has been introduced, by 
which the requisite degree of oonoentration can be arriv^ at, without the possibility of applying 
a temperature injuriously high. 

The Bour pan, named after the inventor, and now successfully in operation in many of our 
sugar-growing colonies, is shown in Figs. 2787 to 2789. It consists of a series of thin hollow discs 
of copper A A, securely fixed upon 

a central axis B. The discs are J 

heated and maintained at a uniform - aaaBIaa 

temperature by steam, which enters A /\ A /\o/\ /V /\A A /!v ** 

at one end through the hollow axis ^ J \ \ a\ nA \ \ \ \ \ rV ' 

dNiLmMilM 

having a flange set to one side, F " 

forming longitudinal grooves, the E I j 

use of which is to retain the con- □ j 1 

densed water from the steam, and ® I 1 

deliver it at the extreme end of the h — ^ ^ “j ^ / — \ 

axis. The axis is about 9 ft. long, 

and has fitted upon it ten hollow 2788. 2/89. 

discs A A, 3 ft. in diameter. In the ^ q 

inside of each disc are two spoons m 

C, fixed to one side of the disc, and / \ LjQ^ 

running from the centre to the cir- * / \ | j 

cumference; these collect the water A ^ A x i cll 

of condensation from the steam, j\ \ 11 \ 

and terminate in tubes, delivering I a] f y / > 11 \ 

the water into the longitudinal J^l|\ / /ll \ 

grooves in the axis B. On the out- — V— ■ / / J L A \ 

side of the discs arc a series of small / } / i I 

buckets D, which lift the liquor as I i I 

the discs move round, and being j j I \ I 

of>en at the sides, allow a quantity \ I \ ^1 \ \ / 

of it to be distributed in a thin \ / I / \ ysV 

equable film over the entire |K)rtion i / 

of the surface of each disc that is \ ^ / vC / ^ ^ 

not immersed in the liquid. This \ / 

is a feature in the machine that is ^ 

peculiarly favourable to the libera- y 

tion of water from the liquor un- ' * "" 


dergoing concentration, when it approaches the density necessary for finish. The axis B is mountcM) 
on a frame E carrying a flat shallow pan F, the bottom of wliich is curved to a nidiu.s alsmt 1} 
inch longer than that of the discs; into this |7an the cane juice is put, oft(‘r having Ix'en evapo- 
rated in oj>en pans to 28^ or 30^ Baume. When the coD<*entration has beeu carried to the required 
degree, the remaining liquor is run out of the pau by a valve and pijK? (J. 

The discs arc made to revolve alxjut ten times a minute, and are driven by a strap and pulley H 
on the axis B. The exhaust steam from a high-pressure engine is made to enter at one end of the 
hollow axis at 2 lbs. a sejuare inch pressure above the atmoKpherf% and the large amount of heating 
surface which the discs expose for the steam to act ujion is the source of the efficiency of tlie ap|)a- 
ratus as an eva{)orator. The low temperature under which the process is effected, the liquor never 
exwteding 170 Fahr., renders it peculiarly adapted for the Colonies, where skilled labour is very 
expcn.sive, and in many places cannot be had. 

The adoption of tlie Bour pan supersedes the use of the teache m the battery, and the granula- 
tion of the sugar is finished at a much lower temperature than by the teache, thereby avoiding any 
tendency to carbonization of the 
sugar. An apparatus design^ for 
the same object has been previously 
introduced under the name of the 
Wetzel pan, so called from its in- 
ventor. A side edevation of this 
apparatus is shown in Fig. 2790. 

It consists of two hollow discs 1 1 
connected by a number of borir/m- 
tal tulsjs K ; steam is admitted to 
one of tho discs through the hollow 
axis, an<l passes through the tubes 
to the other disc, in which the 



water of oondensation collects and is carried off ihrongh the axis at that end. In the use of the 
Wetzel pen it was found tliet the crystal I ization of the sugar is most perfect at tho two end discs; 
and this circumstance led to the adoption in the Bour fian of a series of discs in plac 4 » of the tubes, 
wls^reby the whole apparatus now produces the supfuior crystals tliat were previously obtaioei} 
only from the two end discs. 
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EXCAVATION. Fb., J)€hlai; Tranchie ; Geb., Einsehnitt; Ital., Scavo, Sterro; Bpan., Desmonte. 

See Embankment. 

EXHAUST-PIPE. Pb., Tuyau cT^chappement a vapeur ; Gib., Ausatrdmrohr ; Ital., Tvho di 
tfogo ; Span., Tubo de escape. 

See Details of Engines, p. 1173. Locomotive. 

EXPANSION GEAE. Fk., M^caniame de distribution de la vapeur; Geb., Expansions Steuerung ; 
Ital., Congegno (Tespansione ; Span., Eegulador. 

See Engines, Varieties of. 

EXPANSION JOINT. Pb., Joint gliasant ; Expansions-rbhrenverbindung ; Ital., Congiun- 

xione a dilatazione libera. 

An expansion joint is a pipe so formed as to be compressed endwise by the expansion of the 
metal by heat. 

EXPLOSIONS, Boiler. Fb., Explosion des chaudi^ea ; Geb., Zerspringen oder Platzen der Kessel ; 
Ital., Ksplosione ; Span., Eaploaiones. 

See GrNPOWPEii. 

EYELETTING MACHINE. Fb,, Machine a percer les ceilleta ; Geb., Schniirloch Stossmaschine ; 
Ital., Macchina da occhiellaro ; Span., Mdquina para hacer ojetes. 

The Eyeletting Machine of Timothy K. Reed ia very complete ; it has a hopper K, Fig. 2791, an 
inclined shoot O leading therefrom, and a striking- 
up arrangement. The hopper K ia cylindrical 
and placed in an inclined position ; within it a 
brush radiates horizontally from the centre, nearly 
half-way round the circumference, and, by a rock- 
ing movement of the standard I, presses the eye- 
lets til rough properl V-shaped lateral openings in 
the perimeter directly into the shoot, with their 
Haring or flange parts down so as to keep the 
shoot full of them, a spring stop at their lower 
end preventing their escina*. The die, which 
forms the new flange, is fixed in a S(x;ket C, over 
its tmd, and beneath the die a jiin o passes up 
loosely through an anvil fixed to the fmme B, 
thrcaigh the lowest (*yelet and through the work 
to be eyeletteil. I’he movement of the lever G 
elevates the sluxit and carries it out of range of 
the striking-up arrangement, the spring stop 
yielding in the lateral movement of the sh<iot. 

The hopj>er being connected with the shoot is 
thus brought to a less inclimHl position, and the 
brush within the hopper is rocked by the samo S 
movement. When these parts descend, the guide- 
pin o K goes down into its socket. 

FAN. Fk., Ventihteur, Machine soufflani ; 

Ger., Ventilator, Windnul; Ital., Ventiiatore. 

A Fan is an instrument used for producing 
artificial current of air, by the wafting or revolving motion of a broad surface symmetrically 
formed. 

(iuifmCs Ventihting Fan, — J. 8. E. Swindell, in P. I. M. E., states that this ventilating fan is 
employed for the entire ventilation of the workings of the Homer Hill Colliery, which is situated 
at ('nidley, near Stourbridge, at the Sduth-wost of the South StalTordshiro coal-field, and consists 
of about ninety acres of the Thick or Ten-Y^ard coal. The colliery has b(‘t*n in operation between 
three and four years, and the plant and machinery are capable of raising GOO tons of coal a 
day. 

' The coal scam in that locality is very much cut up by numerous faults, as shown by the section 
of this colliery in Fig. 2702, which is taken along the lino A B C D uj»on the plans, Figs. 2703, 
2701. In the section. Fig. 2702, there is, l>eginuiiig at the right-hand side, a piw'e of coal extend- 
ing 200 yds. flistance ; then a dowm-throw at A, bringing the top coal to face the bottom coal ; 
then a length of 3S0 ytis. from A to B, fullowinl by suotlier down-throw' of 31 yds. from B to C ; 
thou a length of 800 yds., and an up-thrcjw of l.''ryds. at 1); and still farther to tlie west two or 
throe » nailer faults. These faults, together with uumcrous fissures, or black things, cause the 
ventilation of this colliery to require more than ordinary care ; and it is from one of these last- 
named fissures that the gas which caused an unfortunate explosion in this colliery about three 
years ago is supposed to have issued, having been brought down by the falling roof or shut. Two 
shafts liave been sunk, as sliown in the section, Fig. 2792, each 7 ft G in. diameter. The down- 
cast shaft is carried to a depth of 202 yds. for getting the lower portions of coal lying betwreen the 
two largest faults ; and the upcast shaft is sunk to a depth of only 1G5 yds. to the upper portion of 
the coal. A jockey pit 19 yds. deep, and an inclined r^, connect the low er and upper portions 
of the seam, and by means of this pit and road the air of the ventilation current returns from the 
lower workings to the npoast shaft. 

Coals are ^ing raisM at both shafts in cages having a seetional area in plan of 20 sq. ft., thus 
leaving for the passage of the nir in the shafts by the side of the cages an area of about 24 sq. ft, 
the total sectional area of each shaft being 44 sq. ft. i*revious to the application of the preset 
meohanioal ventilation, when the extent of the workings was small, and only natural ventilation 
•from the heat of the workings was used without the aid of a furnace, it was found that the cages 
acting as pistons in the shafts reversed the ounent of air every time they ascended or descended ; 
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and tue oonseqnenoe was that, if during the time the ooUiery was standing, say from Saturday 
until Monday, a quantity of had aoonmulated at the working faces ; this had to be driven 
backwards and forwards, and in fact churned up with the air, until sufficiently diluted to allow of 
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men entering the work- 2Y93. 

ings. This state of cir- 
cumstances, especially 
with rapidly extending 
vrorkings, oould not be 
allowed to go on; and 
it was consequently sug- 
gested by Swindell that 
a mechanical ventilator 
should be adopted. As, 
however, a mechanical 
ventilator had never been 
used previously for the 
'Jhick coal workings, it 
had to be considered 
whether a ventilating 
furnace would not be | 
better for the purpose 
but after the question 
ha<l Ijcen thoroughly 
gone into, it was decided 
to adopt mechanical ven- 
tilation, and the plan of 
ventilator to be employed 
had then to be deter- 
mined 

Amongst the earlier 
plans for the mechanical 
ventilation of mines, 

Btruv^s ventilator was 
introduced in South 
Wales twenty years ago. 

It is shown in Fig. 2795, 
and is a large pump, 
insisting of a pair of 
inverted cylindrical ves- 
sels like gasholders, each 
16 ft. diameter, which 

“J*® ^ 4own alternately with a 6-ft. stroke in annular tanks of water contained within 

closed chambers. They thus produce the effect of double-acting pumps, drawing in the air from 
the pit at t^ top and Wtom of each vessel alternately through large inlet flap-valves, and dim 
charging the air so collected at the next stroke through oorrespondiing outlet ^p-valves. The 






vpsflels are worked up and down by a pair of beams driven by a steam-engine. This ventilator 
w(»rking at five double strokes, or 60 ft. a minute, delivers 13,000 cub. ft. of air a minute. 





Lemielle’s ventilator was used extensively at that time in the collieries of Prance and Belgium. 
It is shown in plan in Fig. 2796, and consists of a horizontal hexagonal drum revolving eccentric- 
ally within a cylindrical casing, 14 ft. diameter and 7 ft. deep, and carrying three vanes, which 
are made to open and close during each revolution by eccentric arms, like a feathering paddle- 
wheel ; tiie drum works close against one side of the casing, giving a passage fur the air on the 
opjwsite side only. By the rotation of the drum, therefore, the air is drawn in at one side of tho 
casing and discharged at the otlier side, in a manner similar to the passage of the steam in some 
forms of rotary engines. This ventilator working at twenty-one revolutions a minute delivered 
16,060 cub. ft of air a minute, with a vacuum of 0 * 8 in. whter-gauge, the velocity of the tips of the 
vanes being 900 ft a minute. 

The simplest fonn of mechanical ventilator was Nasmyth’s ventilating fan. This ventilator. 
Figs. 2797, 2798, consists of a simple fan wilh eight radial vanes, 13J ft. diameter and 3} ft. 
width, driven direct by a small verti- 
cal steam-engine coupled to a crank 2191 212 %. 

on the end of the fan shaft. The fan 1 ^ ^1 _ 

works within a casing enclosed only ||b ||| 

at the two sides ana entirely open r''vy!!l / \ / \ 

round the circumference ; and it draws \ 1 

the air in at tho centre on each side. 

It ran at a spiked of sixty revolutions Lt .i,. V 

a minute, or 2500 ft. a minute velocity / ’ n |jf^| f /^\ 

of the circumference, and delivered JrL |LliJ| ^ » 

45,000 cub. ft. of air a minute ; the \ ^ 

lineal velocity of tho air-current in V i I ^ \ j 

the ujicast shaft was 800 ft. a minute, ^ ^ I ! 

with a vacuum of 0 5 in. watcr-^uge. 

The two mechanical ventilators S ^ » \ 

first referred to involve a oomplica- * \ 

tion of construction and a consequent F' ^ 

risk of accidental derangement and \ s ^ ^ \ I 

stopjtage, which form a serious objeo- :/ \i 

tion to the inttoductinn of mechanical ^ » vx ;S^ V M 

ventilation lu the place of fiiniaco ^ 

ventilation; but the fan ventilator, 4 ^ ' 

says Bwindell, is so simple, compact, 

I I 1 

and substantial in its construction, as ^ ^ v\<^> j I j \ i 

to free from this objection. ^ J | 

The Guibal fan is repro 8 entc<l in x ^ | 

working onior in Figs. 2799, 2800; 

Pig. 27^ Ijcing a longitudinal section, \^'| ^ 

and Fig. 2800 a sifle elevation. 

Tin ventilating fan F is 16 ft. 6 in. diameter and 4 ft. 9 in. wide, and is driven by a horizontal 
steam-ongino K, Fig. 2799, coupled dir^x't t<» a crank on the shaft of the fan. The engine is shown 
in plan. Fig. 2801 ; it has a 10 -iii. cylinder with 16 in, stroke, and is made of simple construction, 
very strong and durable. The steam for working the engine is supplied from the winding-engine 
Itoifers at «50 yds. distance, by a 3-in. pipe laid in sand undergrouna, tho pressure of steam being 
40 lbs. a square inch. 

The ventilator consists of an outer cosing of brickwork K, Pn^. 2799, 2800, the rotating fan F, 
an ad justable shutter O at the discharge orifice, and an outlet chimney H. The casing E is a ring 
of brickwork 14 in. thick, about two-thirds of the oircomference being a circle concentric with Uie 
fan, and the remaining portion eccentric and witli a larger radius, so as to enlarge the casing 
gradually towards the point of discharge. Tho upper portion of the arch springs from a cast-iron 
girder J. Fig. 2800, which extends across the opening into tho chimney, and is formed of a wedge- 
shaped sootion to connect the two lines of brickwork. The side of the chimney, which forms me 
continuation of tho bottom of the casing, iac 4 irried up inclining outwards, thus gradually increasing 
the sectional arc»a of passage up to the top ; the other three sides of the chimney being vertioju, 
Figs. 2799, 2800. The sides of the fan-casing E are closed by vertical walls of brickwork 20 in. 



thick ; and a dronltt opening 6 ft 7 in. diameter is made in the centre of one side fbr admitting 
the air from the mine to the fan. This opening is oonneoted by a drift L with the upcast shaft M ; 
the drift is 85) sq. ft. in sectional area and 43 ft long. 





The centre framing of the fan consists of two cast-iron octagonal centres 4 ft. 7 in. diameter, 
which are keyed upon the main shaft made of wrought iron 7 in. diameter; and on each of the 
eight sides of these castings is bolted a wrought-iron arm maile of a flat bar 3) in. by 4 ; these 

arms are bolted together where they cross one another, so as h>form a strong and light frame. The 
eight vanes of the fan are made of 1^ in. deal, bolted to angle-irons that are riveted ujxin the 
wrought-iron arms ; the vanes are each 4 ft. 9 in. wide and 5 ft. 7 in. long, giving an area of sq. ft., 
and they work with 1 in. clearance at each e^lge from the side walls and 2 in. clearance from the 
circumference. Each vane is inclined backwards through the inner half of its length at an angle 
of 45® from the radial direction; and the outer half is curvwl forwards to the extent of 10 in. at 
the end. The inner ends of the vanes extend to 3 ft. 2 in. distance from the centre, the clear simce 
in the centre being about ) of the diameter of llie fan. The outer end of the fan-shaft works in a 
carriage fixed ufsra a cast-iron girder N, which exten<is across the inlet ojiening in the side wall of 
the fan-casing E; and the inner end of the shaft is carrusl u|Km the engine-lx^d, Figs. ^99 and 
2801. When the fan is running at its usual working s}s>ed of twenty-six revolutions a minute, the 
outer ends of the vanes move at the H;xK)d of 1350 ft. a minute, but the speed of the engine-piston 
at the same time is only 70 ft. a minute. 

The adjustable sliding shutter G, Fig. 2800, at the outlet side of the fan-casing, is made of 
l)-in. deal boards similar to those of the vanes of the fan, sliding in cast-iron grnf)ve8 tliat are 
Iwt into the side walls; these grooves are made to the Mime circle as the uptior part of the fan- 
cosing, with the same clearance from the tijis of the vanes. The boards rorming the sliding 
abutter are bolted to flexible strips of hoop iron, so as to allow of their freely following the curved 
groove ; and the shutter can bo raised or lowered as desired by means of a chain pa^ng over a 
pulley near the top of the outlet chimney, with a balance-weight 0, Fig. 2800, the upper end of 
the Buntter sliding up within the chimney. This adjustable shutter is used in the vaiying condi- 
tions (tf the underground workings, for securing the most effective results from the fan by adjusting 
from time to time the area of discharge-opening in accordance with the quantity of air to l)e di^ 
char^ at any time. The opening of tite outlet chimney is 3 ft. 3 in. hy 4 ft. 1 J in. at the bottom, 
and increases to 6 ft. by 4 ft. 11 in, at the top, giving an area of discharge of 29 '4 sq. ft The total 


height of tiie chimney is 82 ft from the bottom of the fan. 
In applying the ventUatiiig tux at the colliery, an arran 


arrangement bad to bo made for covering the 
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top of the opoast shaft, in order to prevent the air ftom being drawn in by the ventilator at the top 
of the shaft instead of from the workings below. There were two ways of doing this; either to 
enclose and cover a sufficient extent of ground round the shaft for allowing the tubs to be changed 
within closed doors ; or to have a movable cover over the shaft, to be raised like the ordinary fence 
at the mouth of the shaft every time the cage ascended. The latter method was adopted as the 
simplest and most convenient, and it has been found to answer every purpose. The movable cover 
of the shaft, as shown in Fig. 2799, consists of a rectangular wood box P, about 6 ft. square and 
S ft. 6 in. high, upon which is a pointed roof with a hole 8 in. square at the top for the winding 
rope to work through ; and this hole is covered with a loose sliding piece of wood, through which 
the rope works in a close-fitting hole, so that every time the rope oscillates laterally this sliding 
piece moves freely with it in any direction, without uncovering the larger hole. The movable cover 
18 connected to two balance-weights R by chains passing over pulleys fixed at the top of the con- 
ductors ; and the cage every time it reaches the top of the shaft raises the cover, as shown by the 
dotted lines in Fig. 2799, the strain being relieved from the winding rope by the balance-weights, 
so that the cover as now balanced is not so heavy on the rope as the ordinary fence at the other 
shaft. 

The course of the current of air in the workings of the colliery is shown by the arrows on the 
plans. Figs. 2793, 2794. The current passes from the downcast shaft to the first split at a depth of 
1(>5 yds., where tlie greater portion passes along the gate roads for a distance of 810 yds. in the 
upper workings, returning by the gate roads and air-head for 500 yds. distance to the upcast shaft. 
The remaining portion of the in-going air descends to the second split at a depth of 202 yds., 
and passes along the gate roads 530 yds. to the lower workings, returning by the gate roads and 
jRckoy-j)it and air-head, 710 yds. distance to the upc^t shaft. Here it jtuns the return air from 
the first split: and the whole quantity of air passes into the ventilating fan through the inclined 
drift Fig. 2799, of 43 ft. length, which goes off from the upcast shaR at 6 ft. depth below the 
surface. 

The fan is kept running in ordinary working at about twenty-six revolutions a minute, at which 
speed 13,000 cub. ft. of air a minute pass into the ventilator with a vacuum of 0* 15 in. water-gauge. 
This supply of air is found to keep the workings well ventilated, their average temperature being 
only 54 and only 00’ in tlio hottest portion of the workings even when the temperature was 75® at 
the top of the downca.st shaft ou the hottest day observed. The fan can be got up to full speed from 
standing, in only a))out one minute’s time. At the speed of sixty-five revolutions a minute, 
37,500 cub. ft. of air a minute |>ass into the ventilator, with a vacuum "of 1 *02 in. water-gauge and 
at the extnmie s{M>ed of ninety-six revolutions a minute, 51,700 cub. ft. a minute pass into the 
ventilator, with a vacuum of 1 *75 in. water-gauge. 

When the ventilator is standing still with the adjusting shutter wide open, about 9130 cub. ft. 
of air a minute pass through it from the natural current of ventilation due to the heat of the work- 
ings. "When the ventilator is stoppc'd after ninning at twenty-six revolutions a minute, and deliver- 
ing 13,000 cub. ft. of air a minute, the quantity of air passing through it in the sixth minute after 
8toj)ping is -I'iGO cub. ft., and in the sixteenth minute 4080 cub. ft., the adjusting shutter in this 
case being only half ofx'ii. When it is stopped afte r running at sixty-five revolutions a minute, and 
delivering 37,500 cub. ft. a minute, the air passing through it in the sixth minute afterwards ia 
471K) cub. ft., and in the sixteenth minute 4400 cub. ft., the shutter being half open. 

The lifting of the cover at the top of the upcast shaft, and the passage of the cages in the two 
shafts, ntrect the vacuum in the fan drift in the following manner, as shown by the water-gauge 
I)lncc<l about midway in the drift, when the fan is running at about sixty-five revolutions "a 
minute. 


Cover open and cage empty 

Cover closc<l and cage standing still 

C^>ver closed end cage beginning to descend in njxrast shaft 

Roth cagi>s half-way in the two shafts 

Cage reaches Isdtoni of u|>cnst shaft 

Cage ascending in u|K;ast shaft 

Roth cages half-way 

Cage at top of upcast shaft and empty, and cover open as at first 


Water-Gauge; 
0 *95 in. 
1*10 „ 
1*25 „ 
1*45 „ 
1*15 „ 
1*05 „ 

. 1*00 „ 

. 0-95 „ 


Whilst the cover is open at the top of the shaft during the changing of the tubs, ^ of 

the total quantitv of air passing into the ventilator is drawn in direct from the surface through 
the op ;n top of the shaft, occasioning a momentary loss of that amount in the ventilation of the 
workings. This occurs nlxiut once every minute when the pit is in full work, and the cover 
remains open for about six seconds each time, or of the whole time of working. The total 
loss of air from tlie uncovering of the pit top amounts consequently to leas than of the whole 
work of the ventilating fan. 

One object in the dcKign of the Guibal ventilating fan is to discharge the air into the atmo- 
sphere with as low a final velocity as (lossiblo ; loKmuse whatever excess of velocity there is in the 
discharged air iH'Vond the velocity of the ascending current in the shaft is an absolute waste of 
power. 'I’he ascent of air iu the shaft at the Homer Hill Colliery Inung 13,(500 cub, ft. a minute 
with the vtmtilator running at twenty-six revolutions a minute, and the sectional area of the shaft 
being 44*2 sq. ft., the velocity of the eiurent of air in the shaft is al>out 300 lineal ft. a minute. 
The velocity of the air in rotation at the circumference of the fan at the above speed of twenty-six 
revolutions a minuto is 1350 ft. a minute, or 4^ times the velocity of the ascending current in 
tlie shaft ; but the area of the orifice of the outlet chimney being ^*5 sq. ft., the air cannot have 
a greater velocity at its exit, if it fills the outlet chimney, than 4(50 ft. a minute, or only 1^ times 
* the velocity of the current in the shaft. The surplus moving power in the quicker moving air 
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at tbe extramiiies of the fan arms is therefore restored by the retarding of the current at the 
outlet, instead of being lost, as would have been the ease if the fan had discharged direct into the 
air round its whole ciroumfcrenoe. 

Another object in this ventilator is to obtain the maximum useful effect of the fan under each 
of the varying oircumstances under which it has to work in order to meet the requirements of the 
mine ventilation ; because the fan can only work to the best advantage with the exact area of 
discharge opening that is suited to the quantity of air to bo discharged in each oase, and the 
resisting pressure at that particular time. If the discharge opening is too large, a back current 
into the fan from the upper part of the discharge opening is produced, causing a waste of power 
by putting useless air into motion ; and if, on the other hand, the discharge opening is too small, 
an unnecessary resistance to the discharge of the air is produced, with a consequent waste of 
power. 

The following case that occurred at the Homer Hill Colliery will illustrate the facility with 
which the ventilator can be immediately adapted to any alteration in the requirements of the 
ventilation. A length of about 70 yds. of gate road having been cut off from the course of venti- 
lation, it soon became filled with gas ; and in order to remove the accumulation of gas, and allow 
the men to enter this portion of the workings, a dam sheet was put across the in-going airway, 
just beyond the entrance to the gate road that had to be cleared of gas, thereby partially stopping 
the passage of the air-current ; and an air-pipe was carried from the entrance of the gate road 
through a fixed dam into the return air-passage. The ventilator was then set running at double 
speed, about sixty revolutions a minute, thus maintaining the ordinary ventilation of the pit by 
drawing the same quantity of air past the sides and bottom of the dam sheet as had previously, 
with the ordinary speed of twenty-six revolutions a minute, been passing through the unobstructw 
airway before the dam sheet wns put up. The remaining portion of the air l^ing forced into the 
gate road that was charged with gas, l^gan immediately to drive the ps forward through the 
air-pipo, and the gas was cleared from the ^te road as fast as the air-pij)c could be extended 
along it from the entrance by laying down additional lengths of pipe ; the whole of the accumula- 
tion of gas wns thus cleared out in the course of a few minutes throughout the entire distance, 
without interfering with the regular ventilation of the pit. 

In the use of the ventilating fan, as the ventilation of the pit is dopondeut upon the continuous 
working of a piece of machinery, it has been contemplated to provide by the erection of a duplicate 
engine and fan against any accident happening to the machinery ; but the construction of the 
engine and fan is so simple and durable, and the wear and tear so slight in oonsequenoe of the 
very moderate speed of working, that no such provision of duplicates has yet been made in any 
instance ; and in the writer’s opinion it is only m the case of a fiery mine that any such provision 
will r^y be required. The liability of the ventilator to get out of order is exceedingly small ; 
and no aocidents of any consequence to the maintenance of the ventilation have yet oocurrod with 
any of the fourteen ventilators now (1869) at work at different mines, some of which are as large 
as 30 ft. diameter and 10 ft. width, and capable of delivering 100,000 cub. ft. of air per minute with 
a vacuum of 3 in. column of water. 

At Peltou Colliery, in Durham, where one of the Guilml ventilators has replaced a ventilating 
furnace, the following is the comparison of the two modes of ventilation. The depth is 180 yds., 
and with the furnace the average temperature was 23.')^ in the upcast shaft, the quantity of air 
circulated 48,000 cab. ft. per minute, and the vacuum 0*9 in. water-gauge; and the consumption 
of coals was 90 tons per fortnight. With the fan the consumption was 60 tons per fortnight, with 
nearly double tbe quantity of air supplied, or 82,370 onb. ft. per minute, and a vacuum more than 
double, or 2* 15 in. water-gauge. In Older to obtain such an increased volume of air with the furnace 
ventilatioiL so high a temperature would have been required in the upcast shaft as probably to bo 
impracticable ; and the consumption of coals would have been incn»u9ed to about 290 toDS a fort- 
night, instead of the 60 tons consumed by the fan for the same work. 

Thus where the fan has replaced the furnace, it has been proved by actual comparison that 
the economy of coal resulting from the change is very groat. If, indexed, fuel were the only con- 
sideration, there would no doubt be a certain depth of shaft, combined with other conditions, at 
which a given quantity of cool could be burnt in a furnace so as to produce a current of ventilation 
equal to that product by the consumption of the same quantity of coal in raising steam for 
working a ventilating fan. Such a depth, however, could not bo less than 400 yds., and would 
involve an extraordinarv high temperature in the upcast shaft with the furnace ventilation. Tlie 
presence of cast-iron tubbing in the upcast shaft, even though protected with fire-brick, and also of 
pump or steam pipes, is a very serious objection to the adoption of a furnace; and when the upcast 
shaft is a working shaft, the wear and tear becomes very great, and the heat and smoke from the 
fum^ render the shaft almost useless for men to work in. In the case of the Homer Hilt 
Colliery it is estimated by ftwiudell that to produce a current of 45,000 cub. ft. a minute, with a 
vaennm of 1 in. water-gauge, an average temperature of about 15(K^ would l>e ro(|uired in the 
upcast shaft if a furnace were employed. 

With respect to the ventilator of Cuibal, the following comparisons were made by W. Cochnuia, 
and printed in the Transactions of the North of England I. M. E., 1865 ;— 

The ventilator employed by Cochrane is illu.strated in detail by Figs. 2802 to 2807, This fan 
al^ consists of eight vanes, each df which is formed of 1 J-in. oak clewing, secnrcxl by bolts to a 
mir of bars and angle-irons, which are l)olted to two cast-iron octagonal bosses keyed on the main 
shaft. These bars being carried past the boss and interlaced, as shown in the accompanying 
drawing, form a very firm structure, at the same time simple and inexpensive, admitting of a 
speed of as much as one hundred and fifty or two hundred revolutions a minute, without any 
danger. This is an important improvement in construction; which improvement will be i 
from Atkinson’s paper upon the Elsecar Fan, of which we shall speak presoutly. 
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The outside diameter of the vanes is 23 ft., the width 6 ft. 6} in., and each vane extends about 
8 ft. into tiie interior of the fan, being inclined at an angle of sixty-seven and a half degrees to a 
radial line through the apex of the octagonal boss. 

The main shaft is driven by a vertical direct-acting engine, with cylinder 23f in. internal 
diameter, and 19^ in. stroke, worked at high pressure. 

A wall is built on each side of the fan, giving about 1 in. clearance to the side of the vanes. 
Outside of one wall the engine is fixed, and in the other an inlet orifice of proper size is loft, such 
inlet being connected with the upcast shaft. An arch is carried over the fan, giving about 2 in, 
clearance to the vanes, and in continuation of this arch an invert to a point about oiuyeighth of 
the circumference below the centre line, at which point the 2 in. clearance is increased gradually, 
expanding the lower curve of the casing till it onas in the sloping side of a chimney formed b^ 
tween the continuation of the side walls of the fan-erection ; see Fig. 2802. A sliding shutter is 


ance to the vanes, l^his shutter is worked by a' chain passing 

chimney and to the outside. For convenience, a manhole-door is left at the foot of the sloping 
side of the chimney. 

The fan being set in motion, the air is draixTi through the inlet from the mine, and dis- 
charged below the shutter into the chimney, from the top of which it is seen to issue at no great 
velocity. 

The theory and practice of exhausting fans having hitherto been, that there should exist a 
free discharge all round the circumference, this is the first a])plication to mining ventilation of an 
exhausting fan which is covered in as described, and in the coin[>lete arrangement of which aro 
found the requisite correctives of such a covering, which, without them, wcmlil still offer only a very 
ineffective machine. By the covering, the opposing action of winds is prevented, which is a serious 
check to fans discharging all round the periphery ; but the object of chief importance is to )>rev(‘nt 
the communication of motion by the revolving vanes to the surrounding exterior air. and tht3 f<»r- 
mation of currents, which, in an ojx'n-running fan, creep along the cities and vanes fn>m the 
exterior air to supply the partial vacuum caused in the interior by tlie revolution of the fufi ; 
the demonstration of those facts was w^ell seen in an ojwn-nmning fan at the I’ursdnle Odliery, 
county of Durham. A sensible diminution of the ventilating current was f)erceived in this fail, 
with a wind from the N. or S., the dirwtion in which the fan discharged ; in one instance, with a 
high south wind, reducing the air-current one-thinl of its usual quantity with a calm atmosphere. 
The air-currents from the exterior at all times could bo distinctly seen entering tlie fun by the 
drawing in with them of the exhaust steam, which was at that time allowed to discharge from the 
ftin engine at the level of the top of the fan. In consequence of (tuibars system lieing thoroughly 
and satisfactorily tested in Bidgium, it was revived to adopt the covering and chimney to the 
Tursdalc fan, which was done, but only temporarily in wood, the joints being made as nc^arly air- 
tight as possible in the covering, but not in the chimney. The improvement will l>e seen on com- 
paring the following results ' — 



1 KevoluUuna 

Cubic F«»t of 1 

1 Water- 

StetimlivtKmv 

ronwiTned 


I a mtnuie. 

• Air a minute. 


at i 'ylitHU>r. 

in 24 iHium. 

Open running— Bfay, 1862 

1 so 

22,170 1 

1 r}r> 

1 25 lbs. 

5 tuIlH. 

Covered in — October, 1862 . . 

50 

32,930 

I 90 

1 25 lbs. 

1 

4 tons. 


while the power utilized was found to be increased from 12*C9 per cent, when open miming, to 26 *3 
percent, w'licn adapted as above described. 

i the 
the 
venti- 

Contrarv to what might be exiiecUHl, and contrary to 



lating pf>w’cr, instead of a source of loss. 


theory (for the air is thrown off the extremities of tlie vanes against the casing), a partial vacuum 
IS found in this space, the amount of which, at various sm^cds, will lx; seen from the annexed 
tabulated results of exisTiments. But the covering in of the fan alone would produce the following 
di^yantages it would check the free discharge of the air, and would communicate to it a high 
velocity — hence the adaptation of the other parts, namely ; — 

The shutter and chiinney, which are the other new elements in this systfem. By means of the 
shutter ^larging or diminishing the outlet, the volume ol air drawn by the fan can be so rt^gulaWd 
as to the special requirements of the mine, and produce the greatest economical eff<;ct. By no 
known theoiy can the quantity of air be determined wliich such a ventilating machine will draw 
from any particular mine; hence the necessity of experimental trials to determine the best size of 
employed for this purpose. If the outlet be too large, air will be drawn 
open-rumiiDg fans, and in this also if the shutter is imper- 
^ ^ einall, the air cannot get quickly enough away. In either 
KAorn 18 lost i and m the circumstances of a mine arc never long the same, it 

soe^evideut that a machine incapable of such an adjustment must be defective. 

*‘"*‘*" 

espreaMdbMstlonaUy;— **^*‘**** **** totennediate podtions 
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The position of | was fixed as the best for these conditions. 

Th(^ chimney contributes also greatly to the usciful eflect, being shaped for this special object 
-—the tKH^tional area increasing upwards. I’his enables the air which is dischargi'd under the 
shutter at a high velocity to expand, and, spending its force in the chimney, to pass out at a very 
low vfdocity, thus benefiting the ventilating power to tlie extent of this difference. It is true 
that the high velocity of discliargo alwirlis a correspfindiug amount of the jwwer applied to the 
fan, but the attainment of tlie partial vacuum in the interior of the fan, duo to the centrifugal 
force of the vanc^s in the first instance, must impart to the discharged air their velocity, and it is 
to restore some jiortion of this jKiwer and make it useful for the ventilating effect that the chimney 
18 arranged. From the following Table of results the depression of the water-gauge will lie noticed 
in the {>ositions. Nos. 8, 4, 5, and 7, the three first being fixed into the space L^tween the vanes 
and interior of the casing, No. 7 being near the foot of the chimney. 



Kote.— K xoppt where + sign Is attached, the water-gauges are all depressions. 


Figs. 2808, 2809, indicate the positions of the water-gauges. 



It is especially worthy of notice that the water-muge indicated at the inlet is greater than 
the thenretioa] result obtained by caleulation, every adjustment being correct; so that if k be the 
height of water-gauge, and h' the height computed, as due to the velocity of the extremity of the 

vanes, then is always > 1, and this result is different to that obtained from any other maohine 
Ventilator: iu other oases is > 1 rarely = *75. The cause of this is assignable to the pre- 
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The engine is worked by means of three boilers (cylindrical, with hemispherical ends, and 
having wheel flues), each of which is 30 ft. long, over all, and 5 ft. in diameter. All the three 
lK>iler8 were at work when the ex- 
periments were made on the 8rd 
of October ; but it was stated that 
two of these boilers were ordina- 
rily sufHcient to supply steam for 
driving the fan. 

The pressure of the steam 
during the experiments was 43 lbs. 
the square inch; but 40 lbs. a 
square inch was stated to be the 
oi^inary working pressure, that is, 
the pressure on the boilers. 

The avenige quantity of air 
circulating in the mine, under the 
ordinary working of the fan, was 
stated to be 83,000 cub. ft. 
minute, with a water-gauge of 0*5 
to 0*6 in. at the fan, which in- 
cludes the shaft resistances. 

The average numbt*r of strokes 
of the engiiif% during the ordinary 
w'orking of the fan, was stated to 
be sixty a minute, and the coals 
consuiiifd 6^ tons in twenty-four 
hours, or 10|^ lbs. a minute. Near 
to the principal fan an auxiliary 
fan is erwttHl, to Ije employed only 
in the event of the larger fan being 
stoppcKi for repairs, or from any 
other cause. 

This small fan has an outside 
diameter of only 14 ft. 28 ii. 

Fig, 2810 is a si<le eh'vation, and -mpW j — 

Fig. 2811 a front view of the fan at ./If ' i ^ 

Siinonwood. 

The air was only admitted on one | 

side of thf3 fan at the HemingfleM Pit ; XX .1 ; 

but there is a fan of a similar dcscrip- m XX j--— ---f------ ■ 

tion at the Bimunwood Pit of the X j 

Klsecar Colliery, having two air-inlets, I 

one on each side, by means of external L—.*— i— 

iron casings, which render it somewhat | : ' ' 

more cfwtly. 4 • t 

The following is an account of the c i K 

exp<‘rimcnts and olnHTvations made on ^ J P I w ^ 

tlie 3rd October, 1861 ; — — Q . .....I ly-r* — 



I op. ixiccoin. ' < 

Temporatnrraofthel .j,, \ 

downcast shafts / ^ \ • 

Temperatures of thol \ / » V 

ui)casl shafts '• \ 0 \ 

The air might l>e considered as ‘ ‘■ - Trr* ' ■——■^——1 

being saturated with vapour at the | 

surface, and also in the returns, there immmmmmLmmmmm 

being a diflerenoe of only half a degree : 

^dween th« wet and dry bulbs of the i 

There are five separate return air- jL!*! I 1|| 

Ways loading into the bottoms of the two ; { 1 — ii — r 

upcast shafisi the dimensions of which . 

are given on next page, as taken at the ; a j k 

point, where the i5T^i;8me«.ured. i -; I |> 

It was intended to have made an [ • 4 I 4 

axperimont with the fan working at | ; K 1 1 

eeventy revolutions a minute, but owing | I ; 

to some slight defect in the fan, this I j 

velocity could only be maintain^ for I \ 

a very short time, without endangering j i i 

,"^®^age; there was oonsequently 

time to observe the water-gauge to be 0*9 in., at this high velocity. 

About sixty revolutions a minute appeared to be the highest speed at which 
worked with safety. 


the fan oonld be 
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i Dimfilisioxis and Areaa of the Five Retnm Air-ways, at the parts 



where the Currents of Air wore measured. 

< 

Na 1. 

No. 2. 

No. 3. 

No. 4. 

No. 5. 


ft in. ft in. 

ft In. ft In. 

ft in. ft in. 

ft in. ft. in. 

ft in. ft in. 


8 5 by 5 S 

8 2by5 10 

6 5 by 6 6 

8 9 by& 11 

9 6 by 6 1 


sq. ft 

sq. ft 

sq. ft. 

sq. ft. 

sq. ft 


47-7 

47-64 

35-39 

61-77 

57*28 ^ 


1 The currenta of air In Nos. 1, 2, and 3 

The currents of air in 


returns were measured with No. XIV. 

Nos. 4 and 6 air-ways 
wore measured by Na 


anemometer. 






XV. anemometer 


36 

0 

61 

40 

0 

( Revolutions of sne* 

I mometer s minute. 

84-32 

40* 

100*32 

68-75 

20* 

4,022 

l,90e* 

3,540 

3.659 

1,146* 

( Cubic feet a minute, 
f 14.173. 

132 

350 

SH2 

350 

300 

j Revolutions of anc- 
1 mometer a minute 

181-32 

339-32 

431-32 

388-4 

336- H4 


8,649 

19,023 

16.221 

20,107 

19,294 

( 82.294 cubic feet o1 
) air a minute. 

65 

320 

310 

330 

296 

134*32 

369*33 

359*33 1 

367-77 

331-68 


6,407 

f 

17,594 

1 

12,680 

19,039 

18,998 

( 74,718 cubic feet ol 
) airaminuu;. 


Dimensions of the retarns 
Arcos of the returns .« 


FormuUe u>plyinK to the anemometers. 
No. XIV. V = R+ 49-32. 

No. XV. V = 1-03113, 

Where V = velocity of air, and R = 
revolutions of anemometer a minute. 


No. of 
Expert* 


Natural ventilation 
Velocities of wind . 
Cub. ft. of ^ a min. 

Fan working.. «. 
Velocities of wind . 
Cub. ft. of air a min. 

Fan wortdng . . . . 
Velocities of wind . 

, Cub. ft. of air a min. 


IndMi 

of 

Watar- 

Gaage. 


0-00 


0-8 


0-7 


60 


No. 2 experiment was made Immwliately the pit stopt^-il working; and No. 3. n<it until t 
The quantities marked * are only estimated, as the anemomefers did not move with tiie 


i few hours after it had stopped, 
cum'nis. 


After this, with the view of nseertaining tlie amount of wnter-pinjro whioh the fan was capable 
of overcoming, the top of the upcast (above wliore the two shafts were eontinwl to a single channel) 
was contraoted by means of a pair of folding-doors, and the following exi>erimcnts were made ; — 


No. of Expta. 

4. — In the ordinary working of the fan, at sixty revolutions a minute^ with the 

top of the upcast open, the water-gauge was observed to be 

5. — “With the fan making sixty revolutions a minute, and ouo-lmlf of the top of 

the ujicast closed, by means of one of the folding-doors, the water-gauge 
was still about 

6. — -With the fan making sixty revolutions a minute, ami one of the folding- 

doors closed, and the other at an angle of 45 , or liulf closed, the water- 
gauge was 

7. — With the fan making sixty revolutions a minute, while the vcditilation of the 

mine was entirely suspendwl by closing off the top of tlie upcast by means 
of the two folding-<hK>r8, the water-gauge was only 

8. — In a previous trial, with the shafts all ojien, and the fan making seventy 

revolutions a minute, during a very short time, the water-gauge was 
observed, as already stated, at 


Inch. 

O'G 


0*6 


0-7 


0-8 


09 


The ventilating pressure arising from the air In the ascending parts of its route being of less 
density than that in the descending fmrts (owing to an incrfjase of temperature, or of the quantity 
of va|)our in the air), is not only generated, but also expendfd, in the mine, on overcoming the . 
resistances offered by the shafts and air- ways of the mine, and consequently docs not oj)erato upon 
or inffuence a water-gauge connecting the outer atmosphere with the fan at the top or the upcast 
shaft— the place where the water-gauge was ascertained— so that this pressure, which gives nse to 
the natural ventilation, is not shown by the water-gauge, although, in all the expcTiments, it is a 
force operating in conjunction with the additional force created by the fan ; tiie actual power 
given out by the fan is simply that which is due to the pressure created by it, and is indicated by 
the water-gauge, taken in connection with the actual quantity of air observe<l to be circulating at 
the time. 

The remaining, or natural, pressure, not shown by the water-gauge, but arising from the tem- 
perature and vapoor rendering the air of less density in the ascending tluin in the descending 
parts of its route, may be regarded as being sensibly exmstant ; and, altliough not shown by a 
water-ganjTO placed at the fan, near the top of the ui)cast shaft, owing to its being expended boloro 
reaching that point, would operate equally in favour or aid of a furnace or of any other ventilating 
fjower that might be employed at the same mine, in lieu of the fan, and ought, therefore, to be 
neglected in calculating the fwwor due h) the fan. 

Neglecting, therefore, this source of natural ventilation, the real power given out by the fan, 
and utilized in the production of ventilation, is, by No. 3 experiment — 

74718 X 0-7 X 5'2 ^ , 

33(K)0 

where 5*2 is taken as the preasorc in lbs. the square foot, due to I in. 
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By No. 2 experiment, on the same principles, the fan gives out, as utilized, 
82294 X 0-8 X 5*2 , 

SJiOOO ~ ' 


Now, il we presume that, at the time of making the second experiment, just alluded to, the 
boiler fires were consuming the ordinary working quantity of GJ tons of coals in twenty-four hours, 

2240 X 64 

or 606| lbs. an hour, we have a consumption of 24 "^f(P 374 == 58*48 lbs. a horse-power, actually 


utilized, in an hour. 

In cases where furnaces are employed to produce ventilation, the consumption of coals a horse- 
power really utilized in the production of ventilation varies to a great extent, under different con- 
ditions as to depth and sizes of shafts, and of air- ways, and as to the relative state of dryness or 
dampness of the walls or brattice of the shafts ; being in some instances much greater, and in 
others materially less, than the amount just stated as being due h) the fan, in this instance. 

The following account of the consumption of coals a horse-power utilized each hour by different 
ventilating furnaces, in use in different collieries, is extracted from page 143 of vol. vi. of the 
Transactions of the Institution of M. E. ; — 


No. 

Names of Collieries. 

Depth of 
Uptast Column 
nj lineal leet 

Coals consumed 
per Horse-power 
utilized per hour. 

1 

i 

Thomley Five Quarter Seam .. .. i 

5.56 

lbs. 

85*4 

2 

Thondey Hutton Seam 

868 

162*4 

3 

Walker 

: 960 

30*5 

4 

Castle Eden 

1 1038 

29*1 

5 

South Iletton 

i 1212 

27*2 

6 

j Wcarmouth 

: 1800 

29*5 


Averages .. 

1 

10721 

j 60*7 


It may, however, be reniarkeil tliat a furnace would have operated under very disadvantageous 
circumstune(M with au uixMist shaft like that of the liemingficld Tit at Elsecar Colliery, owing to 
its being nf» more than 360 ft., or 60 fathoms, in depth. 

Uiuier such a condition, in i>rdcr to have got the same amount of water-gauge, and consequently 
the same amount of air as was yield<*d by the fan in No. 3 exiHJriment—thc pressure indicated by 
the water-gauge being superimpostid u|X)n tlie naturally existing ventilating pressure — an average 
ufxMist ti iufKsrature of 152*8'^ would have been riKjuircd, as will appear from the following 
considerations. 

The head of air-column taken at 54® and 30 in. of mercury, due to the natural difference 
between the temperature of the air in the downcast and that of the air in the upcast shafts, takou 

60*5 — 54 

at 54^" and GOJ" respectively, would be ^ = 4*5 ft. 

But since the temperature of 00*5" was that of the return air as it reached the bottom of the 
upcasts, and since there would lie a little cooling from the expansion of the air as it ascended 
the uf>cnst shaft, it is probable that the average teinjK»rRture of tlie ujx'ast column was slightly less 
limn tJO T)®, and in ortler to allow (or this, in lieu of taking 4 5 ft., only 4*16 ft. of air-column will 
be assiinu^l as the ventilating pressure arising from the natural difference of the temperatures 
prevailing in the downcast and ujx'ast shafts respc^ctively. 

But, taking the weight of a cubic foot of air, saturated with vapour at 54®, and under apreasuro 
of 30 in, of mercury, at *07704 lb., tiier© would be required, to give a pressure equal to that repre- 
sented by O ' 8 in. of water-columu, a further column of such air and vatK)ur of 


Making a total height of such air-column (including that due to natural causes) of 54 -|- 4 *16 = 
58*16 ft., < ml the average prevailing temiMjrature, rcH]uircd in the upaist shaft, in order to give 

45l>H4-dt 

such a pressure, will bo found from the formula T ~ ^ j-g — • 


Whore T = the evomge temperature of tlie upcast column. 

II r= the height, in feet, of air-oolumn, arising from the difference of shaft tempera- 
tures = 58*16 ft. 

d = the depth of the uixsast shaft = 360 ft. 

t rr the temperature of the downcast shaft, and of the air-column H, or 54 . 

From whence T = = 152 *8®, as above stated. 

360 — 58* 16 , 

But, taking the teraporature of the return air at 60 • 5% and the barometer at 30 in. of mercury 
(the return air being saturated with vapour), we have 


30*000 in. of mercery ns the Imrometrlcal preasure, 
and 0*527 „ „ as the tension of the \*npour ; leaving 


29*473 


as the tension of the air. 


5 A 2 
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Now the weight of a cubic foot of air, at 60 *5% and under 29 -473 in. of mercury, is 
^2529 X29 :4TO^ 

459 + 605° 


The weight of a cubic foot of vapour of water, at the same temperature, and under a tension or 

•ATfilQ V *^9.7 


pressure of 0 * 527 in. of mercury, is 


•07519 X *527 
29-473 


X *622 = -000833 lb. 


And taking the capacity of water, for heat, at unity, that of air and vapour of water, under a 
constant pressure, are *238^ and *475® respectively ; so that the capacity for heat, of the returns, 
passing over the furnace each minute, is equivalent to that of 


•07519 X 82294 X -238 = 1472 *67 lbs. of water, 
and -000833 x 82294 x *475 = 32 56 „ „ 


or, together, to 1505 *23 


And admitting that so much of each pound of coal, applied to the furnace, as is actually burnt, 
yields 13,000 calories or units of heat, the coals required to elevate the temperature of 82,294 cub. ft. 
of such saturated air from 60*5"’ to 152*8^, or through the difference of (152*8 60*5 =) 92*3° , 


So that, if even there was no loss of temperature by cooling in the furnace drift and upcast 
shafts, this would be the necessary consumption of coal by a furnace, to do the same work as the 
fan, if employed to superscxle it, in the ventilation of the Hemingfield l*it at Elsecar Colliery. 

But if we presume that one-third of the heat given out by the funiace liad been lost by cooling, 
when the air reached that part of the upcast shaft at which the average temperature prevailed, 
then the consumption of coals by a furnace, to have g^ven a ventilation of 82,294 cub. ft. 
of air a minute, at a pressure of *8 in. of water-gauge (in addition to the natural ventilating 
pressure), would in this particular case have been IJ x 10*687 - 16*0305 lbs. a minute, or 

_ ^ ‘ i twenty-four hours, in lieu of only 6*5 tons, used in driving the 


fan, to produce the same amount of ventilation. 

This last result gives for a furnace, in so shallow a shaft, a consumption of 92*71 lbs. of coal 
a horse-power utilized an hour: comparc-d with one of 58*48 lbs. used for driving the fan, and, if 
even there were no loss of heat by cxx)ling, in tlie case of the furnace, the consumption of coal wouM 
be 61*81 lbs., compared with 58 *’48 lbs, a horse-power utilized an hour, as used for the production 
of ventilation by the fan. 

No indicator, friction-brake, or other means, were used to ascertain the actual power of the 
engine employed to drive the fan ,* but, as has been stated, the pressure of the steam in the Iwilcrs 
was 43 lbs. a square inch, and the diameter of the cylinder and the length of the stroke were each 
22 in. ; and as the engine made sixty double strokes a minute when 82,294 cub. ft. of air a minute 
circulated, it follows that if we allow one-fourth of the pressure of the steam to have been used or 
lost in overcoming the friction of the machinery connected with the engine and the fan, by 

22 X 2 

22» X *7854 X } X 43 X 

condensation, &c., we have 33000 “ 81*728 horse-power, as the working 


power of the engine. But we have already seen that only 10 * 374 horse- jx)wer was actually realized, 
in the ventilation produced, which is only 12 * 69 per cent, of the {)ower, so calculated, for the engine, 
showing a loss of 87 *31 per cent, of that power. 

This result is what might have been anticipated from a consumption of so much as 58*48 lbs. of 
coals a horse-power utilizeSi an hour ; the consumption of coals, on the power of the engine, as above 
calculated, being only 7*42 lbs. a horse-power an hour. 

It appears from these experiments that the Elsccar fan is capable of circulating largo quantities 
of air at a low water-gauge, such as is due U* the existence, in the mine, of numerous roomy and 
short air-ways ; and that it is not well adapted for overcoming heavy drags or nwistances, such as 
occur where the air-wavs are few in number, limited in sectional area, or very long ; inasmuch os it 
was found impracticable to obtain so much as an inch of water-pressure, from the use of the fan, 
even when the mine was entirely shut off, and no air allowed to circulate in it ; beyond any tmiLall 
amount of leakage that might prevail at the folding-doors, over the top of the upcast shaft. 

Cochrane ob^rves that this fan appears only to give a utilization of 12*69 per cent, of the power 
employed, compared with one of alxmt 60 per cent., alleged to be obtainable from machines similar 
hi those known as Sirova’s, Fabry’s, and possibly one or two other kinds. It has, however, the 
recommendation of being moderate in first cost, and so simple in construction as to lie little liable 
to get out of repair ; and, as the class of coals used are of no very great value, on many coUieries, 
its waste of pwer in such cases may not stand greatly in the way of its adoption, where the nature 
<j£ the mine iiapjpNps to be one of a character to suit its application. 

Ventilator,— Th» name of ventilator is applied in general terms, to all of those eontrivanoea 
designed to renew the air in a given space ; but in Mechanics the name is more particularly 
applied to those which operate by centrifugal force. Tliose instruments consist of a certain numbiw 
of fhns, either straight or curved, fixerl upon an axis, and revolving betwe<m the sides or chcMiks of 
a drum, the circuniference of which may be quite open or partially ck>sf:)d. There are two kinds 
of these ventilators — ^those which suck the air through pipes opening into the cheeks of the dAim 
on a level with the axis, and eject it into the atmosphere with a feeble vel^ity through all the 
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points of the oironmferenoe, and those which snok the snmtmding air throngh orifices in the 
cheeks on a level with the axis, and blow it through a pipe communicating with the circumference 
%f the drum. Both of these methods may be combined in one ventilator. 

Sucking r<pnt»Vators.— Figs. 2812, 2813, represent a sucking ventilator with curved fans. The 
fans are fixed upon a disc A A, Fig. 2812, pemndicularly with the axis, and revolving with it. 
The cheek B B nas in its centre a circular orifice, to which is fitted a pipe 0 C, through which the 
air is sucked. Fig. 2813 shows the arrangement of the curved fans. The rotary motion is oom- 


281X 281X 



municated to the axis by means of the pulley p. The way in which the apparatus works will be 
apprehended without difficulty. As the rotation takes place in the direction of the convexity of 
the fans, as shown by the arrow in Fig. 2813, there tends to be formed on the concave siae a 
fiartial vacuum, into which the air of the pij>e C C rushes. This air is thrown outward towards 
the circiunference by the centrifugtil force acting upon it, and issues by the canals formed by the 
fans in a direction nearly opjiosite to that in which the fans rotate ; so that the absolute velocity 
of egress is very feeble. 

The motion of the air in a sucking ventilator gives rise to complex phenomena, and the exact 
theory of this ap|)aratus has yet to be found. We w'ill, however, give an approximative theory, in 
onler summarily to appre<*iato its effi'ots. Let Po ho the pressure in the pipe C C, P the pressure 

at the jHniit whore tiie air enters bcdw(M?n the fens, and v the velocity which the air assumes in 

virtue of this difference of pressure. Calling the temperature of the air t, and its coefiScient of 
expausiou u, we have, according to Bernoulli’s theorem, 

t>> = 2y X 183(H(l + a01og.^- [1] 

This velocity is in the direction of the radius, or perpendicularly to the sides of the pipe C C. 
T.et bo the veUwity of the fans at the inner circiunference ; this velocity is perpendicular to c. 
If, therefore, wo denote the relative velocity of the ingress of the air into the canals formed by the 
fans, by this third velocity will be the hypothenuse of a rectangular triangle having as its sides 
Uy and 0 . W’e have, thorofore, 

= + [ 2 ] 

Tx't tr bo the relative velocity of the air at the opposite end of these same canals, that is, at the 
outer circumference of the fans ; let u be the velocity of the fans at this point. The pressure at 
the outer circumference being the pressure of the atmosphere Pa, we have, by applying the prin- 
ciple of tho effect of the work for the relative motion, 

to* = le.s + «» - tt,» + 18301 (1 + a 0 log. ^ 2 j. [3] 

* O 

Let a bo tho angle of the velocities u, and w ^ ; we thus have 

tan. a = ~ • [4] 

S 

Let iS be the angle which the last element of the fans makes wita the outer oirenmferenoe, and 
o’ the absoiute velocity of tho egress of the air ; this vel(X!ity o' will be the resultant of the relative 
velocity w and tho velocity u taken in the oontrary direction. We thus have 

— 2ui0 OOB. [5] 

I^t W be tho weight of the air which flows off in a second ; 8 the distance between two con- 
secutive fans measur^ on tho outer circumference, and e the thickness of the ventilator, or distance 
between the disc A A and the cheeks B B. The section of cue of the canals will be c S sin. ; 
and if we suppose all the currents of air moving with the same velocity w, the volume which passes 
off in a seoo^ tliroogh one of these oanals will be « 8 sin. x w. This air being at tho atmo- 
spheric pressure, if Tl„ denote the weight of the oubio m^tre of air at this pressure and at the 
temperature tho weight of air flowing off through one of these canals in a seoend will he 
Ba e 8 sin. 0 x w. And oonsequenUy, if there are a canals, we shall have 

W s fi Ha s 8 sin. 0 IP, 

or, remarkiiig that n 6 expresses the onter oircnmfereiice of the fans, the value of which is 2 w r, 
u r*denote the radius of inis ciroomferenoe, 

W s2«rnaptp sin. 0, 


[ 6 ] 
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Callmg the weight of the cubic mhtre of air at the pressure P and at the temperature n, and 
the radius of the inner circumference of the fans or the radius of the pipe C we find 

W = 2 ir r0 n u?o sin. a. [7] * 

The quantities Tla and n may bo expressed as ftinotions of the pressures and temperatures oor- 
lespondingy by the formulm 

[ 8 ] 


narrlk 3 

n = P‘8 


10334 (1 + a 0 * 
P 


, r9] 

10334 (1 4* a 0 

Adding member by member the relations [1], [2], and [3], we obtain, after reductions, 
= »» + 2 s X 18304 (1 + a 0 log. p [10] 


which will give the velocity tr. Usually the pressures P^ and Po differ but little from each other ; 
their relation is very near unity, so that to will differ but little from w, that is, t/kf relative velocity of 
egress of the air is sensibly equal to the velocity of the outer extremity of the fans, a result which is con- 
firmed by experience. 

The velocity u? being given, equation [6] will give P. If we add equations [1] and [2], wo 
have 

tf* = w* + 2 <7 X 18304 (1 + a 0 log. [11] 


Again, equation [7], by substituting the value of n [9], becomes 


W = 2 irrof sin. a X 1*3 


P 

10334 (1 + (1 0 


[ 12 ] 


The relations [11] and [12}vwill give the values of the two unknowns and P. Equation 
[1] will then give the velocity v; and equation [5] will give the velocity v\ Equation [4] will 
give a, the angle which the first element or portion of the fan makes with the inner circumference 
to allow the air to enter the canals without a shock. 




The expression of the effective work is T« = W ^ • 

The motive work T^ is made up of T«, plus the work corresponding to the absolute velocity 
of the air at its egress, that is, W ~ , plus again the work T/, doe to the friction of the air against 
the sides of the canals, and to unavoidable losses. We have, therefore, 


T. = W 



T 


/» 


and, consequently, the expression of the ratio of the effective to the whole work is 





«’3 + 4- ^ X T/ 


[IS] 


It will be seen that the velocity t' should be as small as possible. To obtain this result, as w 
differs but little from a, it is evident that we must make the angle as small as possible; that is, 
the last element or portion of the fan should be as nearly as possible a tangent to the outer circum- 
ference. 

Ix)S8es due to leakage cannot be computed ; the friction may be calculated as for a pif^e, when 
the dimensions of the ventilator are known. To this end, as the relative velocity is variable, W6 
may take the mean of the velocities aiid tr, and substitute it for U in the formula ^ =r n, / x U% 
whence T^ = n, / x 3^*1 ^ denoting the developed length of one of the canals, x the contour of its 
mean section, 0 the coefficient 0*000335, and 11, a mean between the values and n, which enter 
into the foregoing calculations. 

This apprr>ximative theory supposes that the currents of air have the same velocity in a given 
section of the canal; the velocities are, in fact, different. It supfKwcs, too, that the pressure is the 
same in a given section; this hyfKdhcsis is not realized. Ik;hind the fan a partial vacuum is 
formed, into which the external air rushes, m that there are two currents of air in a given canal 
at once, one of which is issuing in virtue of centrifugal force, the other of which is entering in 
virtue of the difference of pressure f»f which we have spoken aliove. llicse complicate<l phenomena 
would require a careful experimental study, one that would be both delicate and difficult, and 
which has never yet been inade. 

In general, the effective work, or, in other words, the ratio of the useful work effected by the 
instrument, to the total work expended on it, is very small ; it hardly rcfichcs 0*^ in those which 
have becfn constructed with the greatest care ; and it often descends as low as 0 * 18 and even 0‘10, 
specially when the curved fans are avoideri, as frequently hap|>ens, in favour of straight fans 
fixed in the direction of the radii. This small amount of umtful work effected by the most oareftiUy 
constructed ventilators is accounted for by the influence of friction, which aitsumea a high import* 
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' ftnoe from the fact that the air in the oanale poesesses great velocity. Another cause is the unequal 
distribution of the velooityf and the pressure in a given transverse section, and the entrance of air 
• through the outer circumference, spoken of above. 

The arrangement of the fans has been varied in many ways, and various shapes have been 
i^ven to the cheeks or sides of the ventilators ; but none of these modifications have produced a 
better result. 


Usually a length of from 1 to 2 metres is given to the outer diameter ; is made equal to the 
lialf of r ; the fans are multiplied in proportion as the diameter of the apparatus increases ; their 
number varies generally from 6 to 12. The depth of the fans is a fourth or fifth of the outer dia- 
meter. The speed varies from one hundred and twenty up to a thousand revolutions a minute. 
The rate of speed which gives the best results has yet tr> l>e discovered. 

Blowinfi VentUntors. — Fig. 2814 represents a blowing ventilator with flat fans fixed in the direction 
of the radius. The direction in which the fans revolve is indicated by the arrow These fft T>H are 
enclosed throughout about 
three-fourths of their circum- 3®14. 


ference by a drum which pre- 
vents tlio air from escaping; 
the remaining portion corre- 
sponds to a pipe inh) which 
tlie air is driven by the rota- 
tion of the fans. We may 
apply to this kind of ventila- 
tor a theory analogous to that 
which we have explained 
nla>ve for the other kind of 
ventilator. According to this 




theory, the fans, instead of 

Wing straight, ought to 1 k‘ curved, as shown in Fig. 2815, a 5 r, in order that the air may, on the 


one hand, t>nter the canal without shock, and, on the other hand, issue in a direction nearly tan- 
gential to the outer circunifercnce. But the small amount of useful work effected by these 
machines have led constructors to avoid the extensive curved fans ; and the straight fans, which 
liave been generally adopted, are fixf*d in the direction of the radius, or slightly inclined in the 
dirwtion opposed to that of tlu‘ rotation. 

If the central orifice of Fig. 2813, instead of opening into the air, formed the mouth of a pipe 
communicating with a given space, the ventilator would be at once sucking and blowing, 

A JUT. ArtEMOMETEB. Blowtng MACHINES. Bobing. Coal Minisg. Lamp, Safety, Venti- 


lation. 


FAULTS. Fb., F<*nte^ Fissure ; KtHft^Oanfjspatte ; Sjwtamento ; Span., 2>is/ocacion. 

Fauits are a displacement of stmta or veins at a fissure, so that they are uot continuous. 

See Bori.vg and BLAS-nNo. Fan. 

FKED-PIPE. Fit., 7\tyau (TaUnumtation^ Tuyau dc refoulement ; Geb., Speiserohr; Ital., Tubo 
d^aiinuntaziane ; Span., Tuix> de alimenta^tm. 

Feed-pipe Conneeium for Locomotive /.‘n /irtcs, invented hy Alexander Allan. — Various constructions of 
f<‘CHl-pi|>e connection between bKv»motive engines and tenders hove been ustnl ; but the double 
bitll-fiiid-8(x*ket plunger fuites, made of brass, are generally upplieil, in onler to have n continuous 
metallic eoniK'Ction, allowing of blowing steam through into the tender without injury. These, 
however, arti very ex|H*nsive, rtNiuiriug great nicety of fitting and much care in their management, 
and, in (‘onsequence of sand an<i dirt getting in among the movable parts, they involve a stTious 
outlay for maintenanet*. In practice it is almost imjKissible to kwp them jx'rfectly tight, while if 
the joints Ik* too tightly screwti! up there is risk of the fecd-pijxs breaking. 

i o obviate these d«‘fects, and to obtain a continuous metallic connection comparatively inex- 
pt nsive, and at the same time to pre.seut a mechanical combination that should be simple, durable, 
und ellieient, Allan Jias sukstituti**! the connection shown in Figs. 2816, 2817, consisting of a 
simple brass or ef>pper tuln? A, coiliml in a circle of considerable diameter, so as to have sufficient 
elasticity to allow for the vertical disturbawv due to the iiiUH]ual defioction of the engine and 
tcTuler springs, and also for the extreme lateral range reiDiirtHl in going round sharp curves, with 
a minimum strain on the joints. A solidnirawn brass tube is employed, varying from No. 17 to 
No. 14 wi*t>gaugo in thickness, or ‘(KKl in. to *085 in., wiled to a circle of 3 ft. to 3J ft. diameter ; 
see Fig. 2dl7. 

In order to offer less resistance to bending, the tubes are made elliptical in section, about 2J in. 
deep by 1} in. broa<i ; stx' Fig. 2819. Tul>es of circular section 2 in. in diameter, as shown in Fig. 
2820, have also Wen iiswl, but they are more rigid than the elliptical tubes. Experiments were 
made to asewtain tlio amount of force nw(*8sary to stretch and compress the coibnl tube, and also 
to deflect it vertically and latenilly through the extreme range required in practice; and the 
results show that the elliptical tuU? has the advantage in elasticity, the first inch of deflection 
rcM|uiring only about 80 lbs. pressure, wliilo a total pressure of from 90 to 100 lbs. is sufficient to 
produce the extreme deflection of aliout 3 inches in any direction ; up to this pressure there is no 
pennanent set, and consequently no fear of the tuW collaj^ing in any ^wirt. The experiments 
were afterwards oxtendinl with the elliptical tube up to 34 in. movement in any dimtion, giving 
a total range of 7 in., up to which the tube may be strainoii safely ; beyond this limit a permanent 
fiet is produced. In practice, however, the total range in any direction never exceeds 5 m., or 
^ In. on each side of the central position, leaving a sufficient margin of elasticity to prevent injury 
to the tuW "With a thinner tubk or one coiled to a larger circle, an inoreasw range could be 
obtained if desired. 

The oonneoting tube A Is attached to both ttagine and tender by means of the ordinary screw 
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and tail-pipe oonidinm BB, VigL 2816, 2817. the tail-inpeB being biased upon the oinsnlar 
ends of the tu^ asshown in the section, Pig. 2818. It is placed above the axle, and suspended 
to the foot-plate by short chains 0, as shown in Pig. 2816, so that the wheels can be removed * 
without interfering with the feed-pipe connection, and it is less liable to damage should the engine 
get off the than the ardmary ball-and-socket couplings. The connecting tube is pla^ 
central in the engine whenever practicable, so that the ang^ar deflection produced in running 
round curves is reused to the minimum; but it can be fixed without any practical objection in 
the usual side position of the feed-pipe, as shown in the plan, Fig. 2817, so as to admit of ready 
application to existing engines and tenders. Figs. 2816, 2817, show the connection applied to 
an engine fitted with an injector D for supplying the boiler ; and the dotted lines £ show the 
end of the tube when a pump is used. 



This connection has been fitted to a number of locomotives on the Scottish Central Railway, 
including some large go(^ engines ; and it has been subjected to severe tests during the last 
twelve months, and has given satisfaction. In the engintts on this railway the plan of coupling 
between the engine and tender, drawing as well as bufilng on a heavy lamtnaUHl spring, allows 
more movement than is usual, amounting to a play of 2 in. between the engine and tender, and 
the oonneotiug tube is 6 in. out of the centre ; but, even under these conditions, no failure of the 
connecting tube has occurred. The dimensions of the engine to which it has been longest attached 
are;-Hliameter of cylinder, 16 in. ; stroke, 20 in. ; driving wheel, 6 ft. diameter ; steam-pressure 
in boiler, 180 lbs. a square inch ; the boiler was supplied by a No. 9 injector. 

PEED-PUMP. Fb., Pmpe (TaUmentatim ; Gai., SpeUepumpe; Ital., Jrom&a dttdimentaxUm i 
Bfav., Botnha de alimmtacumt 

See DvTAnLS or EwarNaa 

PILBOW, OB PILBO. Fb., RomIob h clavetU; Gbl, Gelochter I^a$mbolzm; Ital., CUnarda 
ad ooehio ; 8pah» Anilh de amarra. 

Any bow or Ull, after the fashion of an eve-bolt, with an attached stem, is termed a filbow 
when either the stem or bow is in use as a guide, swivel, or double swivel. Pig. 2821 shows the 
eye-bolt of a gland for a stufSng-box, where the stem is made to serve as a guide. In maohin6|7 
where the 6ow or 60// is a guide or swivel. Fig. 2822. Fig. 2828 is a shape given to a fillww whan 
this clsss of eye-bolt is not intended wholly as a pennaneni flittue. 
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John Fiolden, of BochdalOf the inventor of Fielden*s Cast Link Chain, p. 386, properly remarks 
on this technical term, which is as old os the spinning mule or carding engine, that although not a 

2821. 2823. 


2822. 

O 

local tenn, but in use in almost all parts of Great Britain amongst educated engineers and machinists, 
yet this word, like many others of the same class, has never found its way into any Dictionary.” 

FILE. Fr., TAim ; Geb., Feile ; Ital., Luna ; Span., Lima, 

A jilc is a steel instrument having the surface covered with sharp-edged furrows or teeth, used 
for abrading or smoothing such substances as metals, wood, and so on. A file differs from a rasp 
in having the furrows n^e by straigtit cuts of a chisel either single or crossed, while the rasp 
has coarse single teeth raised by the pyramidal end of a triangular punch. See Hand-Tools. 

FILIC-CUTTING MACHINE. Fr., Machine a taille des Utnes ; Geb., Feilenhaumc^chine ; Ital., 
Miu'.vhina da totjliar lima ; Span., Mdquina de picar limas. 

It is a remarkable circumstance, says Thomas Greenwood, in the Proceedings of I. of Mech. E., 
that whilst almost every manual operation in our various manufactures has been either superseded 
or very materially assistc'd by the introduction of machinery, the oiicration of cutting files is still 
done by band, and has hitherto been generally considered to be one not admitting of the appli- 
cation of machinery. Several very ingenious machines for the purfiose have already been tried, 
both in this country and in Americiv, but hitherto without any marked success. Large sums have 
also been expended by some of the holding makers of Sheffield in attempting to introduce file- 
cutting machines; but the difliculty of the o{)eriition, real or imaginary, has been one cause of 
failure, and another cause has lx.*en the very determined opposition on the part of the operatives 
to the intrcxluction of machinery into any jwirt of the various operations of filo-making: indeed, so 
jealously do the file-cutters gtiard the art and mystery of their craft, that they do not teach their 
apprentices how to grind their cutting chistd untU they have attained the last year of their le^l 
apprcnticc*ship. The manufacture of fih's has been kept stationar 3 % iustt^ of advancing and im- 
proving like other manufactures, from the mistaken b<4ief on the part of the men that by resisting 
the introduction of machinery they are prt‘serving their employment. Speaking in 1859, Green- 
wood olisorved ; — As a further illiistmtion (»f this mistake it may l>e mentioned that the tariff of 
prices for forging files nf)w folio wetl is foundcnl upon the supjiosition that no improvement has 
Dccn made in rolling stor l in modern times, and that the bars are supplied in the same rude form 
wliicb was prevalent fifty years ago, thus ignoring the beautiful improvement wliich has been made 
in rolling steel ; so that the forgers charge the same price for simply drawing down the tang upon 
a sejuare or round bar of steel for a panillel or equalling file that they do for the entire forging of 
a half-round taper file-blank of the same length. 

0{>eration8 much more difficult than cutting files hare been performed by machinery in variona 
maiiufactures ; amongst which may l>o named, as having taken its rise in the Leeds district, the 
w)mbing of wool, in which, by the manipulation of the machine itself, the long fibres are selected and 
delivered into one oonqmrttnent, and the short fibres into another ; an operation which at first sight 
would ap{>ear to require an intelligent and discriminating power. Thomas Greenwood truly observes 
that the actual process of fiU>-cutting is, however, one of the simplest description. It consists in 
driving a chisel of suitable form and inclination to a small depth mto the prepwrod surface of the 
blank, iid steadily withdrawing it again ; and cutting a file is mendy a repetition of this opera- 
tion. The difficulties to l)e surmounted are — to present the blank (perfectly parallel to tlie cutting 
edge of the chisel ; to withdraw the chised from the incision made in the blank witliout damaging 
the edge of the nowly-mised tooth ; to prevent a rebound of the chisel after the blow which drives 
it into the blank, and before the next blow is struck; to give a uniform traversing motion to 
the blank, ensuring regularity in the teeth; to proportion the intensity of tlie blow to the 
varying width of the file, fx) as to give a uniform depth of cut; and to perform these operations at 
sucii A s()etKl AS to make tln^m commercially profitnolo. In most of the attempts that have been 
made to accomplish this process by machinery, the idea has lieen to construct an iron arm and 
hand to hold the chisel, and an iron hammer to strike the blow ; and by this means to imitate as 
nearly as possible the oiK*ration of cutting by hand. The difference in the material used inevitably 
led to failure ; the flexible, and, to some extent, non-elastic nature of the fingers, wrist, and arm, 
enabled the man to hold the chisd, strike the blow, and tlien lift the chisel from the tooth, without 
vibration ; not so when the iron hand and hammer are tried to perform the same operation ; tha 
vibration consequent upon the material employed frequently caused irregularity in the work, and 
• a n^god and uneven edge on the tooth. The slow speed at which these m ao hi n e s were worked 
vandefod them unable to oomtiete with hand-labour. 
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PTLE-OUTTINQ MACHINE. 


In the maohind, Fi^. 2824 
to 2826, the above objeotions 
have bera nearly, if not alto* 
gether,obviat^ by an ingenioua 
modification in the mode of 
action. This machine is th 
invention of M. Bemot, of Pans, 
and has been already working 
successfully for some time both 
in France and Belgium. The 
blow is given by the pressure 
of a fiat steel spring pressing 
upon the top of a verticfd slide, 
at the lower end of which the 
chisel is firmly fixed ; the slide 
is actuated by a cam making 
about one thousand revolutions 
a minute, and the chisel conso* 
quently strikes that number of 
blows a minute, thus obviating 
the vibration consequent upon 
the blow with an iron mounted 
hammer, and moving at such a 
speed as to render any vibration 
impossible. 

The accompanying Pigs, 
2824 to 2834, show the various 
parts of a machine for cutting 
18-in. bastard file^ which is 
nearly the largest size required ; 
for the smaller files, machines 
smaller in proportion are em- 
ployed, down to one-half the 
size of that shown in the draw- 
ings. Fig. 2824 is a front ele- 
vation of the machine ; Fig. 
2825, a vertical section taken 
at right angles to Fig. 2824; 
and ^g. 2826, a plan. In the 
front elevation, Fig. 2824, some 
of the parts at the top of the 
machine which are behind the 
main framing are shown in front 
of it for the sake of distinctness, 
and a portion of the frame at the 
top is omitted for the same pur- 
p(ie ; but the proper position of 
these parts is fully seen by a 
comparison with the vertical sec- 
tion and plan. Figs. 2825, 2826. 

The main shaft A, Figs. 2824 
to 2826, is mounted near the 
top of the framing, and is driven 
by a clntch that engages with 
a similar clutch on the boss of 
the driving pulley and fiy-wheel 
B, which, when the clutch is 
out of gear, run loose upon the 
shaft ; the clutch is moved by a 
hand-lever with suitable notches 
to hold it in and out of gear, as 
shown in the plan, Fig. 2826. 
The vertical slide C is lifted by a 
cam on the main shaft, and slides 
between adjustable y guides ^ 
fixed in the frame of the machine, < 
as shown in the plan, Fig. 2826, 
and the enlarged plan, Fig. 2834. 
The cutting chisel D, Pi^. 2825, 
shown black in the drawings, is 
held in a socket in the bottom 
of the vertical slide 0, and se- 
curely fixed by a set screw, as 
shown enlarge in Figs. 2^, 
2834. The blow is given by 
means of the horizontal flat 
spring £, Figs. 2825, 2826, which 
is fixed at the outer to a 
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FILE-CUTTING MACHINE. 


xobking shaft carried in a bracket at the back of the main frame; this bracket also carries the 
pressure cam F pressing upon the middle of the spring and forming the fulcrum against which the 
spring is bent when the slide C is lifted by the cam on the shaft A, the spring being always in 
contact with the head of the slide G. The pressure of the spring and consequent depth of out of 
the chisel is regulated bv an adjusting screw at the outer end of the spring, Fig. 2825 ; and in the 
case of cutting a parallel file this pressure is kept the same throughout. But in cutting a taper 
file the pressure is varied in the same proportion as the breadth of the file varies, so as to maintain 
an equal depth of cut throughout, by means of the pressure cam F being made to rotate during 
the traverse of the file ; and the radius of the cam is made to increase and diminish in the propor- 
tion of the breadth of the file, thus varying the amount of dofiection of the sping at each cut in 
the required proportion. The rotation of the cam is effected by means of the ratchet-wheel G, 
Fig. 2825, worked by an eccentric upon the main shaft A, Figs. 2824 and 2826, and thrown out of 
gear when a parallel file is being cut. 

The file-blank H to bo cut, shown black in Figs. 2824, 2825, is fixed upon a compound bod I, 
which admits of adjustment to any obliquity horizontally, as shown in the plan. Fig. 2828, by 
turning u^n a strong centre pivot J in the bottom frame; and to any inclination vertically, as 
shown in Fig. 2830, by rocking upon the centre bearing K, shown in the transverse section, Fig. 
2831, which consists of a semicircular trunnion on each side of the file-bed, as shown bv the dotted 
lines in Fig. 2830. The fiU^bed is adjusted and secured at any required inclination by means of 
the circular arc L, Fig. 2830, fixed to one of the ^estals M in which the file-bed is carried. 
These two movements of the bed give the required obliquity of the chisel-cut across the face of 
the file, and the inclination of the chisel to the plane of the file-face ; the chisel itself remaining 
alw'ays vertical. The trunnions K of the file-bed are recessed into the two pedestals M, each 
siiprKirted by two pillars which are connected at the base by a turning plate N, turning on tho 
centre pivot *J. The upper end of this pivot is provided with a nut and washer to hold the turning 
plate N and secure tho file-b«d I in the retjuired oblique position. 

The horizontal movement or traverse of the file between each cut of the chisel is given by 
means of a rack which slides in a longitudinal groove O in the file-bed I, Figs. 281^, 282fi. 
This rack is advanced the required distance between each stroke of the chisel by the worm P, 
Fig. 2825, tho shaft of which has a ratchet-wheel Q fixed on the outer end, as shown in Fig. 2824, 
which is worked through a series of cormecting-rods and levers from the crank-pin R upon the end 
of tho main shaft A, Figs. 2824 and 2826. In order to provide for the double motion of adjust- 
ment of the file-bed I, with an inclination both vertically and horizontally, this fcetl-motion is 
communicated through a vertictil spindle 8. Fig. 2825, [lassiiig up frw^ly through tho tubular centre 
pivot J upon which tho tile-bed turns ; the h«^d of the spindle 8 is connected by a horizontal 
fever and connecting-rod with swivel-joints to the cranked rocking shaft T, which terminates at tho 
centre line of the trunnions K on which the file-lsnl rocks, as shown in the plan, Fig. 2826, and 
side elevation. Fig. 28110 ; the other end of the rocking sliaft T curries a jiwl that works tho 
ratchet-wheel Q on tho shaft of the worm P, Fig. 2824. The whole of this set of levers is 
carried by the turning plate N of the file-bed, and turns fr(H3ly upon tho bead of tho centre spindle 
8 without interfering with their action in driving the worm P. 

The upper side of the file-bed I is cut out in a semicircle, as shown in Figs. 2824 and 2831 ; 
and a movable semicircular slide U, Fig. 2825, which is of sufficient length to carry the file, is 
fitted into this semicircle ho as to roll fr(^ely in the cavity. To the under-side this slide the rack 
O is attached by means of a groove and a cross-piece, as sliown in Figs. 2825. 2831, 2832. At 
each end of the slide U suitable fastenings V, Fig. 2832, are attachiKl for hohling down the file, 
with levers, rack, and springs. A handle W, Fig. 2825, with c^iu'cting-rotls, hell-crank levers, and 
springs, is mounted underneath the file-bed I for disengaging the worm P from tho rack O and 
allowing the slide U to be poshed freely endways, so as to bring it back easily after the file is cut. 
On the front of the main frame of the machine is mount<^ a leveller X, Figs. 2824, 2825, 
shown in Figs. 2833, 2834, for the purpos<i of pressing upon the file II and keeping it truly 
even with the edge of the chisel D ; the upper end of this leveller is jointed to a horizontal 
weighted lever Y, Fig. 2824, one end of which iscentrfMi on the frame of the machine by means of 
a link-join^ and the other end is weighted by a ball ; a rest is providfsi for holding up the lever 
when reouij^ as shown dotted in Fig. 2824, bo as to keep the leveller X clear of the file. Another 
lever Z, Fig. 2824, is mounb^d ujx)n a centre in the frame, for the pur}X)so of raising the vortical 
slide C, which carries the chisel, and is provided with notches U) bold it in position. 

Mode of Action . — When the file-bod I has l>een adjusted to tho proper position, and the blank 
H to be cut fixed upon the semicircular slide TJ, the chistil-slide C is lowere<l, so as to bring the 
edge of the chisel down upon the blank. The forc^ of the main-spring E then brings the surface 
of the blank perfectly even with the edge of the chisel D, in onnsequencc) of the rolling movement 
allowed by the semicircular slide U ; in this position it Is allowciid to remain whilst the leveller X 
attached to the weighted lever Y is brought down upon the blank : a slot-hole in the middle of the 
frame of the leveller X allows it to move so much as to bring its lower edge exactly fiarallol with 
the edge of the ciiiscl and true to the surface of the blank, in which position it is then secured by 
hand by the tightening screw, as shown in Figs 2824, 2825. Tho blank is now glided along 
to the starting j^ini, and the machine put in motion. If the blank to be cut is a taper fiat file, 
the pawl G which actuates the pressure cam F pressing upon the main-spring E is put in gear, and 
the deeper side of the cam is gradually brought down upon the spring, cauHing it gradually to 
increase the pressure upon the ^isel-sHdc C, and consequently increase the intensity of the blow 
until the chisel reaches the widest pari of the file. When eutting a parallel or equalling file this 
appara^s is not rerjuired. After the file has trarersed the length required to be out, the driring 
clutch is thrown out of gear and the machine instantly stops; the ohisol-siide C is ndsed by the 
mver Z, the worm P disemgaged from the rack O by the handle W, and tho semiciicular elide U 
drawn back ; the file is then released and replaced by another, and the operatiott repeated. After 
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the first cut nas been completed* as shown in Fig. 2829, the second ont is given in the contrary 
direction across the file, by turning the file-bed I round to the proper obliquity. Every description 
of round or half-round files is cut in this machine by the use of a revolving bed and dividing 
apparatus. 

In regard to the durability of the cutting chisels in this machine, it is remarkable that they 
out five times as many files as can be cut by hand without re-sharpening ; and the reason seems 
to be that the chisel is driven into the blank and withdrawn again in a perfectly straight line, 
and without any rubbing action ; whereas in hand-cutting, the fine edge of the chisel is rubb^ 
a short distance along the surface of the blank until it comes in contact with the last raised 
tooth, which is the only guide the hand-cutter has to produce regularitv of cut. Fig. 2827 is a 
diagram of the file-teeth and chisel, exhibiting the action of the chisel in raising the teeth in 
hand-cutting, and its inclined position ; and Fig. 2828 is a corresponding diagram of the chisel 
in this machine, showing the vertical position of the chisel and the inclination of the file travelling 
underneath it. 

In the files cut by this machine the teeth are raised with perfect regularity, and consequently 
when the file is used each tooth performs its proper share of work ; whereas in hand-cutting, from 
the varying power of the muscles, especially towards the close of the day, it is impossible to produce 
such p(rrf(!ctly uniform work. 

FIIjTEU. Fll., Filtre; Ger., Filter^ Seiher ; Ital., Filtro; 8paN., Filtro, 

See Water-works. 

FIUE-ARMS. Fr., Armes a feu ; Ger., Feuervmffen ; Ital., Armi da fuoco ; Span., Armas defue^o. 

Trials of small fire-arms and accoutrements have recently been m^e by a Board of American 
officers at 8t, I^ouis. The particulars, data, and results of these trials, which we give, are taken 
from the Now York Army ami Navy Journal. 

The Board met at Hi. Ijouis Arsenal, March 2, 1870, in pursuance of orders. Captain K. R. 
Brec*8e, IT. B. navy, was present during all the oxiM*riments of the Board until April 5, 1870. General 
J, H. Potter was deputed to conduct the experiments and tests determined on by the Board. These 
ex)>erimonts were commenccMl March 11, and continued till their completion. May 23, 1870. 

The following is a list of the arras, accoutrements, and equipments received at the St. Louis 
Arsenal, under the provisions of General Orders No. 72, and examined by the Boar^ namely ; — 


Rifles. 

1 Remington rifle, cal. 50, No. 286, from 
Springfield armoury. 

1 Springfield breech-loading rifle musket, 
cal. 50, imKl. 1868, from Springfield armoury. 

2 I'enlxxly (Wesscly) rifles, cal. 42 (with- 
drawn). 

1 PcalKHly (^Vessely) rifle, cal. 42. 

1 „ (solf-c(Kking) rifle, cal. 42. 

2 „ (SiHinish) hilcs, cal. 43. 

2 „ (Itoumaninn) rifles, cal 45. 

2 „ (Springfield) „ cal. 50. 

1 Remington rifle, cal. 42, No. 2, 

1 Remington rifle, cal. 44, No. S, sword 
bayonet. 

1 Remington rifle, cal. 50, No. 4. 

1 Remington rifle, cal. 51, No. 5, triangular | 
bayoiH-t. ‘ 

* 1 Remington (8pani.sh) rifle, cal. 43. 

1 „ (Ryih'r) „ cal. 50. 

1 „ (nuHlifled) ,, cal. 50. 

2 Rol)erts* (Springfield) rifles, cal, 50, U. S. 
bayonets. 

1 Roberts* (Springfield) rifle, cal, 50, No. 4, 
U. S. bnyom’t. i 

1 Roberts* (Jackson’s improvement), cal. 50. { 
1 „ (Starr’s „ ), cal, 50. 

1 „ cfmtn^lock rifle, oal. 50. 

1 Berdan’s rifle, cal. 42. 

1 Colt’s rifle, cal. 42, triangular bayonets. 

1 „ col. 50, ,, 

1 Thicmie (Baxter’s), cal. 50, U. S. bayonet. 

2 Triplett and Scott rifl(‘s, cal. — . 

1 Sharp’s musket, cal. 50, U. S. bayonet. 

1 W’am-BurCou rifle, cal. 42, trianguhur 
bayonet. 

1 Ward-Burton rifle, cal, 45, sword bayonet, 

1 „ eal. 50. 

1 HubMl rifle, cal. 50. 

1 Martini-Henry riflo (long block), cal. 45. 

1 „ (short block), oal. 45. 

1 Morgonstem rifle, cai. 42. 

1 „ barrel, cal. 50. 

1 Conroy i^e, oal. 42. 


Carbines. 

1 Remington carbine, cal. 44, No. 1. 

1 Roberts* centre-lock carbine, cal. 50. 

1 Sharp’s carbine, cal. 50. 

1 Remington carbine, cal. 60, from Spring- 
field armoury. 

1 Sharp’s carbine, cal. 50, from Springfield 
armoury. 

1 SjKjnccr carbine, cal. 50 (Stabler attach- 
ment), Springfield annoury. 

1 Springfield carbine, cal. 50 (Stabler attach- 
ment), Springfield armoury. 

1 Ckinroy carbine, cal. 45. 

Pistols. 

1 Remington revolver, cal. 44, Springfield 
arimmry. 

1 National Arms Comjiany revolver, cal. — . 

1 Remington single pistol (modified), cal. 50. 

1 ,, single-barrelled pistol, cal. 50. 

4 Reming^u revolvers, cal. 44, Nos. 2, 3, 4, 
and 5 rp8i)ectively. 

1 Smith and Wesson revolver, cal. 44. 

1 Whitnev Arms (Company revolver, sta- 
tionarv br€HH?h, cal. 44 

1 Tj\rhitney Arms Company revolver, revolv 
ing brooch, cal. 44. 

Bayonets. 

2 Remington rifles, cal. 50, with Colonel 
Anson Mill’s bayonet attachment. 

1 contract rifle musket, mod. 1861. oal. 58, 
with P. A. Oliver’s bayonet attachment. 

1 contract rifle musket, mod. 1863, cal. 58, 
with trowel bayonet in aUxisi ; Captain Do Witt 
0. Pwle, 

25 trowel bayonets and scabbards ; Lieut. £. 
Bice, U. S. army. 

Miscellaneous. 

Dr. Hoy’s attaoliment to Springfield breech- 
loader rifle musket, cal. 50, mod. 1868. 

Dr. Hay’s attachment to Remington revolver, 
cal, 
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Dr. Galver’s automatic extractor for Colt*s 
revolver. 

Contract rifle musket, cal. 58, mod. 1869, 
with hair trigger. 

Springfield breech-loader rifle musket, cal. 
50, mod. 1866, with firing-pin of prosier length 
to explode but not pierce the primer. 

4 sets of tools for reloading . Berdan cart- 
ridges, (ffli. 42, 45, and 58 respectively. 

2 sets of tools for reloading Berdan cart- 
ridges, cal. 50. 

Cartridges from J. W. H. Gieseler, New 
York. 

Accoutrements and Equipments. 

Baxter's accoutrements ; Sherlock’s accoutre- 
ments; Snider’s accoutrements; Seymour’s ac- 
coutrements; Penrose’s accoutrements; Horst- 
man’s accoutrements ; cooking canteen ; metallic 
tompion ; picket- pin ; A. W. Lee’s knapsack ; 
O. E. Wood’s knapsacks (2) ; Lieutenant W. C. 
Manning’s knapsack; Colonel G. K. Mizncr’s 
knapsack and saddle-bags ; Captain J. Clifford’s 
knapsack and cartridge-belts; General Hoff- 
man’s bayonet-scabbaid attachment; William 
Cline’s luggage-supporter ; Charles Ewing’s 
tent overcoat ; two tents (General B. S. Boberts) ; 
bridle and bit. 

2 cartridge boxes, different sizes (D. W. C. 
Baxter). 

1 cartridge box (C. H. F. Thieme). 


6 cartridge boxes, different sizes (Captain 
S. A. Day). 

1 cartridge box and belt (Captain W. F. 
Brewerton). 

1 cartridge box (Lieutenant 0. L. Best). 

2 cartridge boxes (Lieutenant J. B. McGin- 
ness). 

1 cartridge-box roapizine (J. M. Hawkins). 

1 „ (Kilbom Knox). 

1 „ (A. D. Laidley). 

1 cartridge box (Lieutenant Thomas Con- 
nolly). 

4 cartridge boxes, cavalry, with belts and 
pouches (Lieutenant J. G. Butler). 

4 cartridge boxes, infantry, with belts and 
pouches (Lieutenant J. G. Butler'). 

1 cartridge belt wiin aeiacnablo thimbles 
and tompions and belt-plates. 

10 cartridge belts and plates (Ck)lonel Anson 
Mills). 

1 cartridge box (C^tain N. H. Coster), 
boxes (C. Hewlett), 
box (General B. J. Boberts). 

„ (General A. Baird). 

„ (Captain Clifford). 

„ (General Morris) 
boxes (Benjamin Loyd), 
box holster, leather (Lieutenant 
Thomas Connolly). 

1 cartridge-l>ox holster, wood (Lieutenant 
Thomas Connolly). 

1 cartridge l^x (Lieutenant Thomas On- 
nolly). 


It was decided to confine the experiments with fire-anns to tests of the qualities of the breech 
mechanism of the various systems submitted to the Board, using the ammunition furnished by the 
inventors, and subjecting each arm to the same test as far as practicable. 

The following programme of experiments was adopted, namely ;— 

I. Simplicity of Construction, — Each arm to be dismounted, examined, and the number of its 
pieces to be noted. 

II. Accuracy of Fire, — Test: fifteen shots to be fired from a fixed rest, at a target. Distance 
100 yards. 

III. Rapidity of Fire. — Test : twenty-five shots to bo fired from the shoulder ; fair aim to Ijo 
taken at the target. Distance, 100 yards. 

IV. Endurance, — Test : each gun to be finxl at a target 500 times from a fixed rest ; distance, 
100 yards. The arm to be allowed to cool at the end of each 100 rriunds, but not to Ik‘ cleaned 
during the test. At the end of this test the anu to be cletiuod and examined to ascertain its 
condition. 

V. Effects of Exposure to the Weather and Firiny. — Test : 400 rounds to be fired without churning 
the arm ; 100 on each alternate day. The arm to l>e exposed to the eff(u:ts of the sun and rain (or 
water artificially applied) during each day of the test, and the exfKwure continued for three days 
thereafter. The arms to be cleaned and examined. 

VI. Effects of Sand and Dust on the Breech Mechanism. — Tf?8t ; eight shots to Ik* fired ; then fine 
dry sand to be sifted over the breech mechanism when closed, and eight shots fired ; then fine dry 
sand to be sifted over the same parts when open, and nine slints fired. The sand to lx* removed in 
each case by shaking the piece, or using only the hand. The piece then to be examined aud 
cleaned. 

VII. Effects of Salt Wafer. — Test : the arm to lx? [daced for three hours in brine, wvering the 
breech mechanism and chamber ; then to be exposed in the open air until the next day, and fifty 
shots to be fired. 

VIII. Effects of Defective Ammunitim, — Test : the arm to Ije fired with six cartridges rendered 
defective in the following manner ; — Ist. One cut longitudinally from the end of the case to the ribs, 
and placed in the chamber with the cut upward. 2nd. One cut longitudinally from the end of the 
case to the rim, and placed in the chamlx*r with the cut downward. 3rd. Onet to Ixj cut hcdically 
from the end to the rim. 4th. One to be cut at the liase, so that the firing-pin in firing will pierce 
it 5th. One to be pierced through the Ijosg at four points. 6th. One to be filed through the rim. 

IX. Strength of the Breech Mechanism. — Test : the arm to bo flrcsd once with a double and once 
with the triple charge of powder and lead. 

The results with the b^et samples of the six principal systems reported upon by the Board am 
as follows; — 


I.—Beminotow Rifles. Fig. 2885. 

1 . — Remington Rifle modified so as to load at the half-cock, cal. 50, sent by Colonel SchofiM* 

I. Was dismounted, examined, and found to consist of fifty-five pieces. 

II. This arm was fired with the United Btates* cartridges for aocnracy. 
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lU. The arm was fired for rapidity. Time, 2 min. 23 see. One cartridge failed to ignite. 
Barrel alightly leaded. 

} IV. Ann tested for endurance. 

First 100 rounds; time, 11 min. One cartridge failed to ignite. Barrel slightly fouled. 
Distance between extreme shots, 80 in. ; cases extracted with difficulty. 

(Second 100 rounds ; time, 10 min. 80 sec. One cartridge failed to ignite. Distance between 
extreme shots, 84 in. 

Third 100 rounds ; time, 11 min. Six cartridges failed to explode. Distance between extreme 
shots, 08 in. 

Fourth 100 rounds ; time, 12 min. Six cartridges failed to ignite. Balls ranged wild. 

Fifth 100 rounds ; time, 1 1 min. Five cartridges failed to explode. Shots all over target 
The arm worked well all through the test : many of tiie cases were drawn with difficulty. The 
main-spring worked with much friction on the hammer, and small particles of iron were found in 
the breech mechanism. Barrel much fouled and leaded. 



Remington’s latest Patent Breech-loading Rifle, 

V. Ami was exposed and fired as preserihed in the fifth test, from April 7 to April 10, and 
workeil fr<*ely throughout this trial. No a<lditional signs of weakness. 

VI. The arm was Huhjpcte<l to the sarul test, and worketi finely throughout this trial. Some 
Band was f<»nnd in the inside of the gnanl-plato among the springs. * 

yil. Arm Hubj{*et<Hl to the salt-water test. It was rusty, hut worked freely 

VIII. Ann firiMl with defi*etive cartridges. There was a slight escaiK* of gas from the fifth, and 
much gas eseap(‘d from the sixth cartridge. Pirn* uninjure<l. 

IX. T(»st of strength by firing increased chargi's. After the swond charge the brtHM'h-block 
inovtHl very stiffiy. Tlu^ lower jsirtion of the barrel was pressed against the breech-block. The 
lower portion of tlie chamber wb,s enlarginl. 

2, — Remin gton R(tii\ Sftrin iiit’lff fmrrcl^ Xo. 4, caL 50, tent from Remington and Sons, 

I. Was dismounteil. exainincMl, and found to consist of fifty-five pieces. 

II. 'i’his arm was fired with the Sharp’s (Martin) cartridge for accuracy. 

III. The arm was flreil for mpiditv ; time, 2 min. .8 st'c. 

IV. Ann teatod for endnrnnoe witli T’nited States’ cartridges. 

First 100 munds ; time, 7 min. 5 sec. Four cartridges failed to ignite. Dispersion of balls, 
25 in. by 21 in. 

RcHmnd 100 rounds; timo^ 5 min. 28 sec. One cartridge failed to ignite. Dispersion of balls, 
22 in. ly 19 in. 

Third 100 rounds ; time, 4 min 57 see. Dispersion of balls, 20J in. by 28 in. 

Fourth 100 rounds ; time, 5 min. 7 sec. Two cartridges failed to ignite. Dispersion of balls, 
24 in. by 20 in. 

Fifth 100 rounds; time, 4 min. 40 sec. One cartridge failed to ignite. Dispersion of balls, 
24 in. by 20 in. 6 i 

The arm worked freely thronghont this tost ; the barrel was very little fouled. No leading. No 
signs of weakncBB or wear in any of the })arts. 

V . Arm was expostnl and fireti ns prescrilied in the fifth tesi It was very rusty, but worked 
freely throughout, and showeel no signs of weakness or w'ear in any of die parts. 

VL Arm was subjected to the sand test and worked freely ; some sand was found in the inside 
of the ipiard-plate. 

VIi. Arm was subjected to the salt-water tost, and, though very rusty, worked freely. No signs 
of weaknesa 

VlII. Arm fir<id with defective cartridges. No apparent cscajie of gas in the first three. Tha 
case of the smnul f*xtraeted with diffle.nlty. (las e»<'aped in the fourth and fifth, and in the sixth 
cartridge a fiaitie was seen above the breech-block. It worked freely and was not injured. 
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IZ. Am tested for strength with increased charges. After the second charge the breech was 
opened with difficulty another shell wa not easily extracted. The chamber was slightly enlarged 
near the extractor, ^e i>ieoe otherwise uninjured. 

The breech-block of this arm differs from the one submitted to the Board from the Springfield 
amoury in that it is without a groove in its front underneath the barrel, and is somewhat stronger 
in rear of the pivoted pin. The shell extractor is placed somewhat nearer the bottom of the 
chamber. 

n.— S pringfield Breech-loadino Biflb Mdsket. 

Springfield Breech-loading Bifle Musket^ cal, 50, Ko, 14,515, sent from Springfield Armoury, 

I. Was ^smounted, examined, and found to consist of sixty-two pieces. 

II. This arm was fired wi^ the United States* cartridge for accuracy. 

III. The arm was fired feu* rapidity ; time, 2 min. 83 sec. 

lY. Am tested for endurance. 

First 100 rounds; time, 11 min. 30 sec. Barrel slightly fouled. 

Second 100 rounds; time, 11 min. Distance between extreme shots, 22 J in. 

Third 100 rounds ; time, 11 min. Distance l>etwecn extreme shots, 171 in. 

Fourth 100 rounds ; time, 10 min. 80 sec. Distance between extreme shots, 21} in. 

Fifth 100 rounds; time, 9 min. 30 sec. Distanct^ between extreme shots, 21 in. 

One cartridge failed to ignite during this test. Barrel slightly fouled ; no leading. 

The arm was cleaned and examint^ ; no sign of wc^akness or w^r in any of the parts. The 
extractor worked well, throwing the cases clear of the piece in every instance. 

V. This arm was exposed and fired, as proscriboti in the fifth test, from April 7 to April 16, and 
worked freely throughout this test. It was very rusty, especially in the receiver. No signs of wear 
or weakness in any of the parts. 

VI. The arm was subjected to the sand test. It worked freely throughout this tost ; but very 
little sand remained in the receiver. 

VII. Arm was subjected to salt-water test, and was quite rusty. It worked freely ; no signs of 
wear or weakness. 

Vni. Am fired with defective cartridges. No apmrent escape of gas in the first three. These 
shells extracted easily. In the fourth some ^ passed up the firing-pin, and blackened the face of 
the hammer. Great escape of gas from the fifth and sixth. No signs of weakness or injury in any 
of the parts. The gun worked well, 

IX. Arm was tested for stren^h with the increased charges. The effect of the second charge 
was to blow off the entire base of the case. No injury to the piece. Great escape of gas. Gun 
worked stiffiy. Am examined. No signs of wear or weakness in any of the parts. 

in.— SuABp’s Bifle Musket. 

Sluxrp's Bifle Musket, cal. .50, sent by Sharpes Bifle Manufacturing Company. 

I. Was dismounted, examined, and found to consist of seventy-eight pieces. 

II. This am was fired with the Sharp’s (Martin) cartridge for accuracy, 

III. The am was fired for rapidity; time, 2 min. 41 sec. One cartridge failed to ignite. No 
leading of the barrel. 

IV. Am tested for endurance. 

First KK) rounds; time, 11 min. Two cartridges failed to ignite. Dispersion of balls, 11 in. 
by 13 in. Barrel slightly fouled. No leading. 

Second 100 rounds; time, 9 min. Three cartridges failed to ignite. Dispemion of balls, 
34 in, by 9 in. 

Third 100 rounds; time, 7 min. Dispersion of bills, 16 in. by 9 in. 

Fourth 100 rounds; time, 5} min. Dis{)ersion of balls, 15} in. by 7 in. 

Fifth 100 rounds; time, 6 min. Eight cartridges failud to ignite. Dispersion of balls, 20 in. 
by 10 in. 

The am worked freely throughout the test. Fouling of barrel not increased after the first 100 
rounds. No leading. 

V. Arm exposed and fired, as prescribed in fifth test, from April 7 to April 16, and worked 
freely throughout the test. The front guard-screw was found to be broken. No other signs dT 
wear or weakness in any of the parts. Am slightly rusted. 

VI. The am was subjected to the sand test. Two cartridges failed to ignite. Am worked 
freely, and very little sand remained in the breech mechanism. 

VII. Am subjected to the salt-water test, and though quite rusty worked freely. No signs of 
wear or weakness. 

VIII. Am fired with defective cartridges. In the fourth cartridge gas passed up the firing- 
pin. Gas escaped from above and below the breech-block. Piece not injured. 

IX. Am t^ed for strength with increased charges. The second cha^e blew off the base of 
the case, so that the extractor could not remove it from the ohamber. laeoe not injured, and 
worked f^ly. 

IV.— MoBOXvsrxEV Bifls. 

Morgenstem Bifle, cal, 42, by Herman Baker and Co. 

I. Was dismounted, examined, and found to consist cd forty-four pieces. 

II. This arm was fired for accuracy with the Berdan cartridge (greased). Thro© cartHdgnn 
laaled to ignite. 

ni. The am was fired for rapidity ; time, 2 min. 46 sec. Ton cartridges failed to ignite. The 
cartridges were partially freed fh>m the external lubricant on the ball patch, and the aim agi^ 
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fired for rapidity; time, 2 min. 25 sec. Seven cartridges failed to ignite. Stock slightly split at 
the recoil shoulder on mth sides of the barrel. 

IV. Arm tested for endurance. 

First 100 rounds; time, 14 min. 30 sec. Dispersion of balls, 30 in. by 12} in. Many of the 
cartridges failed to ignite. 

Second 100 rounds. The seventy-fifth cartridge failed to ignite, after which twelve cartridges 
were tried, and all failed to ignite. Arm removed, as it would not ignite the cartridges. 

The same breech mcichanism having been fitted to the Springfield barrel, cal. 50 (sent with the 
lifie), was again tested for cnduraTice with the Sharp’s (Martin) cartridge, unpatched ball. 

First 100 rounds; time, 6 min. 8 sec. Dispersion of balls, 20 in. by 32 in. Twelve cartridges 
failed to ignite. 

Second 100 rounds. The seventy-eighth cartridge failed to ignite, as did several which were 
immediately afterwards tried. On examination of the breech-block it was found that the hammer 
slioulder washer was partially unscrewed, so as to prevent the point of the hammer from projecting 
sufficiently to ignite the cartridges. 

The arm having been cleaned, and the shoulder washer screwed into its proper position, it was 
tested again for endurance. 

First 100 rounds ; time, 8 mm. 22 sec. Thirty-five cartridges failcKl to ignite. Dispersion of 
balls, 41 m. by 28 in. 

Second 100 rounds; time, 7 mm. 15 see. Thirty cartridges failed to ignite. Dispersion of 
balls, 25 in. by 16 in. 

Third 100 round.s thirteen cartridges tried ; eight failerl to ignite. The arm was withdrawn, 
and a stronger ajirnig (om* sent witli the arm for the United States, cal. 50 cartridge) was inserted, 
and the firing r< suiti<‘d. l)isjM*rsiou of balls, 14 in. by 10 in. Seven cartridges failed to ignite. 

Ftnirth 100 rounds; time?, 10 mm. 40 sec. Sixteen cartridges failed to ignite. Dispersion of 
balls, 31 in. by 22 in. 

Fifth 100 rounds; time, 6 min. 7 sec. All the cartridges ignited. Dispersion of balls, 55 in. 
by 40 in. Barrel somewhat fouled slightly, and Icitded. The main-spring did not work freely, 
owing to tfX) much friction. 

V. This arm was cxjxjsed and fired, as prescribed for the fifth test, from April 19 to April 28. 
The arm was very rusty in the inside of the receiver, but the working parts were free frrim rust 
and in good working order. The upfier end of the thumb-piece was broken during the firing, and 
was replaced by one of a different pattern (sent with the arm). 

VI. Arm was subjwted lo the sand test, and worked freely throughout; and but very little 
sand remained in tlio rec^nver. 

VI I. Arm subjected to the sali-w'ator test, and though rusty worked freely. No signs of wear 
or weakiH‘8S. 

Vni. Arm fired with defective cartridges. Gas e8cap(*d from the last three cartridges. The 
last one threw the hammer Imck to hulf-c<K*k. Ann uninjured. 

IX. Arm was tesUrd for strength with increased charges. The second charge broke the face- 
nlute off Its shoulder and cnickenl it radially m five places. Hammer thrown back to half-cock. 
The base ol the case was blown off. Except the face-plate, the piwe was uninjured. 

V.— Martixi-IIesuy Rifle, Fig. 2836. 

1. — The Mariini^IIcwry cal, 45 {short hrecchMoc.k), sent by F. Martini, Siritzerland, 

I. Was dismounted, cxamiiUHl, and found to consist ol sixty-oue jueces. 

II. The arm was fired for nccuriM'y, with the Boxer cartridge (bottle-shaped), paper-patched 
ball. In throe instances the hammer pierced the primer, 

III. The arm firc<l for rapidity; time. 6 min. Sixtwn cases were forced out with the ramrod. 
In some iiistnnc4^ the base la*came detaeliod by the ramrod, and the remainder of the case was 
romovtxl with pliers. 

IV. Arm t<*t»UHl for endurance. 

First IDfi roumls; sixty shots fired. After the fifth cartridge every case was removed with the 
ramrrKl, or with pliers. (>n examination it was found that the cases were covered with a lacquer. 
This was removed from the remainder of the IIH) rounds by means of alcohol. The cases were 
readily drawn by tlie extractor, with five exceptions, when the ramrod was applied. Dispersion of 
balls, 17 in. by 27 in. 

Th re being but 250 cartridges received for each Martini rifle, the number of cartridges used 
in most of the tests for these anus was nm'ssarily reductxi, and one test omitted. One hundred 
and fifty cartridges were to be used in the fourth lest. 

Fifty rounds, from some of which llio hiw|iier was removed, were fired. The case of thoM from 
which the lacquer was wiiied extractid ca-dly • the others it was iim'ssa^ to force out with the 
ramiTKi. In one instance the e.xtnietor removal the iron Isisc of the case without starting the shell, 
and it was removed with pliers. The case of the forty-sixth cartridge could not be removed, even 
with the rammer and pliers. The test was disGOUtmuiHt The arm worked stiffly throughout this 
test. The fifth tost was omitted. 

VI. Arm Biibj<vtcd lo sand tost* three shots fired. After the first shot the sand was sifted 
over the brooch mechanism, cIoscmI, and one shot fired. Then the sand was sifted over the breech 
mi^hamsm when oinm, and one shot find. The breech mechanism worked freely, but did not 
extract the cases, ^nd was found in the receiver, on the guard-plate, and in rear of the breech- 
block. 

VII. The arm was siibiochd to the salt-water test, and four shots fired. Arm somewhat msied, 
but worked freely. In each instance the cium‘. 8 were t‘Xtrarted by the extractor on second triah 

VUl. Arm tested with defective oartndges. No escape of gas from the first three oartridges. 

5 B 
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Gas esoaped at the bweoh-blook from the fourth and fifth. Gi^t eaoape of gas firom the sixth 
cartridge. The lever was unlocked, and the breech-block was slightly lowered. 

IX. Arm tested for strength by firing increased charges. Gas escaped from the breech and 
unlocked the lever. Arm uninjured. , j . . x 

No signs of wear or weakness, with the exception that the lt*vcr was unlocked m one instance 
by firing a defective cartridge, and in two instances by firing increased charges. 



2. — The Martini Rifle^ cal, 45 (Jond block\ sent by F, Martmi^ Rwitzenemd, 

I. Was dismounted, examined, and found to consist of sixty-two })i<‘cc8. 

II. The arm was fired for accuracy, witli the lloxer cartridge* (cylindrical paper-patched hall). 

III. Arm fired for rapidity ; time, 2 min. 38 sec. The cases were not extracted in every instiince 
the first time the breech-block was o|)ene<l. 

IV. Arm tested for endurance with 150 rounds. 

First 100 roimds; time, 12 min. Dispersum of balls, 35 in. by 4.3 in. Two cases w*ere removed 
with the ramrod. In one instance the bfis<' of the shell was remove<l by the extmetor without start- 
ing the castj. The base was pulle<l otf by the extractor without starting th(* case, which was 
removed with pliers. In some iii.*Jtnnci'8 the primers were pierc<‘<l. 

Fifty rounds. Disfiersion of ball, 43 in. by 21 in. The eascH, w'ith three exceptions, were drawn 
by the extractor. Arm worked stiffly ; barrel slightly fouleil ; no leading. 

V. Weather test omitted. 

VI. Arm subjected b) the sanil test ; three shots fired. Afbrr the first shot, sand was siftinl over 
the breech mechanism, closed, and one shot fired ; then sand wa.s sifb'ri over the breech mechanism 
open, and one shot fired. After tl»e second application of sand, the firing-pin at first did not come 
in contact with the cartridge, but did after wverel trials. Arm worked stiffly, an<l with a grating 
noise. On examination sand was found in the receiver, in the notches of the tumbler, among the 
pieces attached to the guard-plate. 

VII. Arm subjected to the salt-water b'.st. and four shots finsl. Arm did not cock at first every 
time the breech was entirely ofirmed, but did after working it some time. Kxtractor starteil the 
cases, but did not draw them from the clmmljcr. 

VIII. Arm fireil with defc*ctive cartri«lgf‘8. No esra|M* of gas fn»m the first and third cartridges. 
Gas escaped from the second, fruirth, and fifth cartnMges. The sixth cartridge unloekiid and slightly 
depressed the lever. The upper stud of the safety device was blown off. Heavy csca|K* of gas 
below the breech-block. 

IX. Arm tested for strength, by firing with increased cliarges. Gas escaped from the breech, 
and unlocked the lever. 

With the exception above, no sign of wear or weakness in any of the parts. 

VI.— WAm>-BrBTO?f ItivLE, Figs, 2837 to 2843. 

The Ward-Burton rifir^ is the most fsTfeot and complete broech-looding fire-arm that has folloii 
under our notice ; this fact will be proved in the scc|ueL 

The Ward^BurUm txU. 50, sent by W. G, Ward, New York, 

I. Was dismounted, examined, and found b» consist of fifty-seven pieces. 

II. The arm was fired with the United Htates* cartridge for accuracy. 

III. The arm was fired for rapidity ; time, 2 min. 21 sec. 
ly. Arm tested for endurance. 

First 100 rounds; Ume, 5 inia. Distance between extreme shots, 39 in . ; barrel much lesded. 
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Second 100 rounds; time, 5 min. 85 sec. Distance between extreme shots, 57 in. 

Thin! 100 rounds ; time, 5 min. 10 soo. Distanoe between extreme shots. 58 in. 

Fourth 100 rounds; time, 4 min. 30 sec. Balls wild; gun turned on the river; barrel very * 
much leaded. 

Fifth 100 rounds ; time, 4 min. 20 sec. Balls thrown on the river. 

Arm worked freelv ; no signs of wear or weakness in any of the parts ; cases easily extracted, 
and thrown clear of the piece. 

y. This arm was exposed and fired as prescribed in the fifth test, from April 7 to April 16. 
Arm rusty, but worked freely ; no signs of wear or weakness. 

Yl. The arm was subjected to the sand test. It worked freely, and very little sand was found 
in the breech mechanism. 

VU. Arm subjected to the salt-water test. The arm was rusty, but vrorkwl freely. No signs of 
wear or weakness. 

VIII. Arm fired with defective cartridges. Slight cscajw of gas from the last three cartridges ; 
piece uninjured. 

IX. Arm was tested for strength with increased charges. Piece uninjured; shells were ex- 
tracted with difliculty. 

The Board remained in scasion, experimenting with and discussing the various arms and otlier 
devices presented to them, until the lOtU of June, 1870, when they adjoumml, after having submitted 
the following report. 

We add the following recommendations and re|)ort n» a apt'cimcn of American official joblwjry, 
which is not far behind the best French or English s|)ecimeu ; what pulled the wires, in this case, 
we are unable to say. 

Office Board on TacticSj Smali Arms, Jr., St. Louts^ June 10, 1870. 

General E. D. Townsend, Adjxttant-General W S. Army, Washington, D.C. 

General, — The Board of officers api^intetl by General Onlers No. 00, head-ijuarlers of the army, 
Adjutant-General’s Oftice, August 6, 1800, and whose ilnties were enlarged by General flrders 
No. 72, of Ootob<*r 23, 1869, ha\e the honour to submit the following rejwrt upon the subject of 
amall arms and accoutrements for the use of the army oi the United States ; — 

Small Arms. 

Wo respectfully refer, first, to the accompanying list of arms, accoutrements, Ac., submitteii for 
examination ; second, to the daily record of proceiilings, giving the plan adopted by the Board for 
testing the qualities of the various sy.stem8 of arms subinitteil, the record of Ihosi* tests and their 
results m detail . and, third, an abstract from the record, giving a history of the exi»eriments with 
each arm. in addition to the recorded ex{M.‘rimeutM, each arm was manipulated and its fmrts 
minutely examined by the members of the B<»ard. Our investigations have lM*en limited to tho 
determination of the relative merits of the various systems of brecich-loaiiing siuall arms, without 
regard to questions of calibre, rifling, ammunition, Ac. The main elements of excellence consiilered 
are strength, durability, and simplicity of brecxrb mec'banism ; ease, certainty, and rapidity of firing : 
and secunty against injury to arms, or accident from use in the iiands o! troop,H. 'riio rwords <i>f 
details develops in the various cx|)(;riments have only booL made as incidental to tho im|>ortaut 
tests above enumerated. 

The following are the results of the deliberations of the Board, in view of onr ex|)enments with 
and examinations of the several systems of small arms. We have sidi^cted tho following six systems 
for infantry musket in the order of relative ment:— (1) the Kemington; (2) the ^»priugflcld; 
(3) the Sharp’s; (4) the Morgenstern ; (,*>) the Martini-ilenry ; (G) the Waul-Burton. 

For cavalry carbines the order of merit is, in the opinion of the Ihxird, tho same as for muskets; 
hut it is regarded as essential for cavalry service that tho Itemingtou carbino be so modified as to 
load at the half-cock. 

Only the first three systems named possess such superior excellence ns warrants their adoption 
by the Government for infantry or cavalry without further trial in the hanrls of triwqM. < )f these 
three, considering all the elements of excellence and cost of manufacture, tln^ Board are unanimously 
and decidedly of the opinion that the Kerningbm i.s tho liest system for the army of the UniU^l States. 

Of the breech-loading pistols subuiitU'd, the Board have selected tho following six in the order 
of their relative merits (1) the Remington singlo-liarrelliKl pistol, with guard, centre fire ; (2) tho 
Smith-Wesson revolver; (3) tho Remington revolver No. 2, (4) tho Rominghm revolver No. 5; 
(5) the Remington revolver No. 3 ; (6) the Remington revolver No. 4. Tho Remington is the only 
single-barrelled pistol submitted. It is an excellent wt^jKin, but should be so modified as if) load 
at half-cock. Tlie Smith- Wesson is decidedly superior to any other revolver su bmittiMl. It should 
be modified as follows, namely : made centre fire : the cylinder lengthemxi so as to close the sfmee in 
front of the breech-block, and countersTink to cover the rim of the cartridge ; calibre increased to 
the standard. The main-spring of the Remington arm should lie strengthened, so ns to incrc^ase tho 
certainty of fire ; also the plunger should be made to strike more accurately the centre of the base 
of the cartridge. 

The Board respectfully recommend that all small arms be made of tlie same calibre. lAirgo 
calibre is regarded as even more imjiortant for pistols and revolvers than for arms of longer range. 
Fistob and revolvers should have the saw-handle w> shaped that in bringing the weaiion from 
the holster to an aim it will not be necessary to change the first grasp or Isaid the wrist. The 
charj^e of powder for the pistol cartridge should be increosfxl as much os the strength of the weapon 
will jt^ify, the limit to fie determined by suitable experiments. 

It is the opinion of the Board that cavalry armetl with the sabre sliould have one or two singlCi 
barrelled pistols as a substitute for the carbine ; and that cavalry amuxl with the carbine should 
have a revolver as a substitute tor the sabre. When tune will permit, cavalry tioops shW i d be 
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instructed in the use of all these aifois : and all should be kept on hand with small bodies on the 
frontier, where every variety of cavalry service may be reouired. In large bodies of cavalry a 
* portion should be armed with the carbine and revolver, and the rest with the sabre and pistols. 

The Board recommend that the present dismounted officers* swords be exchanged for a small 
sword, light, straight, and witli metallic scabbard ; that company non*c(3mim88ioned officers* swords 
be dispensed with — first sergeants to retain the sash : musicians to have a pistol instead of a sword. 
Light artillery should be armed with the revolver instead of the sabre. All small arms should be 
made more uniform on the trigger than those now in use. The traction for muskets and carbines 
should be from 6 to 8 lbs. ; that for pistols 4 to 5 lbs. The sights of all rifled arms sliould be finer 
than those now in use in the army. In the Remington musket and carbine the comb of the hammer 
should bo made longer, and modified in shape so as to rest more easily on a man’s arm while at 
a support. The face of the hammer should be somewhat rounded, so as to avoid cutting the 
hand in opening the breech. The Board recommend that the barrels of all small arms shall ^ 
browned. 

Bayonets. 

Tlie trowel bayonet presented by Lieutenant Rice is believed by the Board to be a valuable 
substitute for the common bayonet, on account of its great usefulness as an intrenching tool. It 
also appears to be quite as formidable a weapon as the other. This, however, depends greatly on 
the conception of the soldier who may bo armed with it. The Board, therefore, recommend that 500 
trowel bayonets Ixi manufactured and placed in the hands of twenty or twenty-five company com- 
xnanders whoso companies are skilled in the bayonet exercise, and that they bo instructed to try 
them witti special reference to tlie morale ajKin their men. If this test prove satisfactory, the Board 
recommend that the trowel bayonet be adopted to the exclusion of all others. 

Cartridge Boxes. 

Tlie following appears to the Board to be the order of relative merit of the cartridge boxes sub- 
mitted :-~(l) LieuUmant J. Butler’s nouch ; (2) Lieutenant J. Butler’s box: (3) General Dyer’s 
pouch; (i) Lioutenaut C. L. Best’s box; (5) Odonel 8. Crispan’s box; (6) Lieutenant-Colonel 
Roberts’ hox. Neither of tlaise namcxl seem quite to meet the present wants of the infantry soldier. 
Tlie Board recommend the adoption of a form < f pouch, a rough sample of which is submttU^d with 
this rcfiort, which shall fulfil the following conditions, namely ; The pouch to be of soft leather, except 
its face aud cover, to l»e liue<l with shi^^pskin, and to be of tlie size and shajie to contain one packet 
of cartridges ; the package to contain twenty-four cartridges arranged in three rows. The pouch 
will contain the same numlicr of cartridges emptied into it loosely. liieh man should be provided 
in time of war with four of these ixxiclit^, to bo properly distributed upon his belt. The cartridges 
should remain in the original packages until required for use, when one package at a time should 
be brok< u aud the cartridges emptied loosely into the pouch for most convenient handling. In 
this manner a man will easily carry ninety-six rounds. In time of peace one or two pouches wiU 
be sufficient 

EgnrMENTB. 

The six sets of infantry equipments seU‘cte<l by ihe Board are arranged in the following order 
of relative merit;— <1) Penro.se’s equipment complete; (2) Baxter’s muipments, Ci>mp!ete: 

•(3) Sherlock s enuipments, complete ; (4) Seymour's knapsack; (5) Clinord's knapsack; (fi) 
Mizner’s knapHock. The Boiird do not regani either of those submitted as a sutisiactory solution 
of the important and difficult question of the hist form of infantry equipments. 

Tent Overcoat. 

The tent overcoat submiltcd by Charles Ewing, attorney, is not regarded by the Board as a 
good substitute for boUi the slielter tent and {loneho, although it would unsvrer well as a substitute 
for either one or the other for infantry. It would not lx> a suitable substitute for the poncho for 
caviilry. In view of these facts, and of the great number of shelter tents and ponchos now on 
hand, it is not thought advisable to rtroommena the adoption of the tent overeuat. 

Picket-pin. 

The Board recommend tliat the picket-pin submitted by H. W Lyon, blacksmith Third U. S. 
Cavalry, be adopted instead of the one now in use. 

BATOKET-SCABIiAaD ATTACHMENT. 

The Board also recommend the adoption of General Hoffknau’s modification of the bayonet- 
scabbard attachment, as being equally applicable and valuable with the common or trowel 
bayonet. 

All other articles submitted to the Board were examined, as well as tliose specially named in 
this report and in the daily rwjord, but none except those specially referred to were regarded as of 
sufficient merit to require special notice. 

All of which is respectfully submitted. 

J. M. Schofield, Major-General. 

J. H. PoTTEB, Lieutenant-Colonel Fourth In&ntiy, Brevet 
Mojor-Gencral U.8.A, 

W. Merbitt, Brevet Major-General, Lientenant-Golonel 
Ninth Oavalry. 

Jas. Van Voast, Major Eighteenth Inflmtry. 

Hamiltoit, Brevet Colonel, M^jor First Artillery. 

Prdmmce Office^ TTor Department^ Jnly 8, 1870, 

Eespeetfiilly retumod by the Adjutant-General. 
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The opinion expressed by the Board in regard to the relative merits of the several breech- 
loading systems for small arms is not wholly oononrred in by this bureau^ and is not, it is thought, 
sustained by the record of the piooeedings which accompanies this report, which shows that serious < 
defects existed in the Bemin^n arms, not observable in the Springfield or the Sharp’s, such as 
j&equeni failures to explode the cartridges, occasional sticking of the emptv shell in the chamber, 
and the difficulty of moving the hammer and breech-block aher firing with heavy charges. The 
first two of these defi^ts, and also the objection arising from the artn being loaded only at full- 
oock, have been brought to the notice of this bureau by the commanding officers of all companies 
using this arm. These defects show that the Remington arm should not be adopted before being 
thoroughly tested in service. 

I agree with the Board that the Remington, the Springfield, and the Sharp’s systems are 
decidedly superior to all other systems which have been brought to their notice, and I recommend 
that 1000 muskets and 300 carbines bo prepared according to each of the three systems, and issued 
for comparative trial in service ; companies of infantry and artillery to have an equal number of 
muskets of each system, and companies of cavalry an equal nuinl)or of carbines or each system ; 
monthly ireports on the comparative merits to bo made regularly to this bureau by company com- 
manders, during a period of not leas than twelve months after their first introduction into service, 
upon forms to be lumished by this bureau, which reports, at the end of twelve months, to Ih) 
laid before a Board of officers, to be app<iinttsi to select a breech-loading arm for adoption bv the War 
Department for the military service. This dtqiartmeut is now making the tf^pringfiolci musket, 
and is preparing to m^e the Remington musket for the navy ; and it can readily have some of the 
Sharp’s rifles on band converted into muskets. 

I rectimmend that authority bo given to this bureau to purchase 1000 Remington single-barrel 
pistols, calibre 50, and 1000 Siiiith and Wesson revolvers of same calibre as our army revolvers (as 
recommendofl by the Hoard), and to have 1000 Remington rt^voh^ers altered after tin? plan of revolver 
No. 2 ; these pistols to be issut^fl for comparative trial in service, as in the case of the muskets 
and carbines. K the revolver is to K* retained in service, as I Is'lieve it should be, I do not think 
that the calibre should be increased to 50, wliich is the established calibre for muskets and 
carbines. 

The recommendation of the Board tliat the barrels of all small arms lie browncxl is not concurred 
in at this time. The Ordnance Hoanl in 1308 rmjmmended that “the sense of the army at largo 
be ascertained in regard to browning arms in the hands of tr<H)ps,” niui stejw to that end have been 
taken, resulting in conflicting opinions from the fiehl. Re<‘ently a Boanl of ofRc<*r8 recommemlcxl 
that some arms should be ] dated with nickel and tritxl in service, and measures have liecn taken 
by this department in that dinjction. A limited number of arms miglvt browncxl, as r<xx>mmended 
by the Board, and tested in tK‘rvice with other anos. It is Tecoii\mvUiU<\ that 500 trowel Ixiyouets 
be made and issued, as r<*commende<l by the Ikcard. The rtfcommendation in regard to cartridgo 
1 ) 0 X 08 is concurred in, and it is recom!uendi*d that a small tuimljer of each kind be pcjcunxl and 
issued to troops for comptirative trial. The rwomroendations in regard to picket-pins and bayonet- 
scabbard atttichmetits are concurred in, so far as they apply to future fabrications and purchases. 
All other recommendations which relate to and aifect this defNirtment are concurred in. 

A. B. Dyeb, Brevet Major-General, Chief of Ordnance. 

Headquarters of the Army, July 12, 1870. 

Kesjiectfully submitted to the Secretary of War, concurring fully with the report of the Board. 

W. T. Siir.iuiAN, General. 


The recommendations of the Chief of Ordnance are approvcxl by the Setircbiry of War, July 
KJ, 1870. 


Edward SenKiVKn, Ins|>ector-Genera]. 


The pious ardoxir of a political bishop, the patriotism of a w'ell-paid official, or the extravagant 
views of an ordinary visionary inventor, may Ixi rea^lily exiswicd and moderaUxl or daruiHNl by the 
application of a little sound reasoning, or by a trifle of common tsMisc*; but the bumptious pret<m- 
tions of the inventor of a breech-loading fire-arm cannot quenched, — thev are irrepressible. Tho 
gun inventor rtiquircs but a sniatt<;riiig knowkxlge mechanics; indetxl, he only nxjuircs to know 
how the old gun-lock was fornu-d, and how ojicratiHl U* strike a sfiark by the action of flint ujon 
steel ; this old devicx% so well a<laptcd bM'tfwt the purjjow* for which it was designed, he generally 
retains to effect a dissimilar purpoM.*, namely, to exploao the fulminate of mercury, of which wo will 
speak prcMintly. 

Out of every 100 men taken at mn<lom we have estimated that 54, at Unist, have contrived a 
breech-lowling fire-arm ; to thow) of the remaining 46 who are not driving a wedge on some War 
Office, our remarks are aiidresmxi. 

To obtain tho full mlvantages from a brcech-looding fir0*am, the following qixalificatioti8| 
marked A, B, C, Ac., are indisfainsable. 

(A) . The arm should be light, strraig, serviceable, cheap, and readily made. 

(B) . The ljr«Hx*h action simple and mnily understood; the combined pifxx^s easily taken apart, 
to effivt cleaning or repairs, and afterwarcls easily united without tho usf< of bs>ls. 

(C) . Tho )>arts of tne breech suldect k) mrytion should be well protected from sand, dirt, or wet * 
capable of Imig-continued and rapid firing without having but seldom to be cktaned. 

(I)). The gun should give a low trajectory with light recoil. 

( K). Tho breech should resist squarely and efiecUvely the force of the explosion ; it should have 
its resisting power equally distributed all round the axis fff the bore of the barrel. * 

( F). The breech should bo so constructed that, In the event of a damogod cartridge being iis«^ 
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or in tne case of a cartridge boretinp;, as is often the case, par- 
ticularly with the Boxer, the escaping w should be directed 
off so that it could in no way injure the face or eyes of the 
soldier. 

(G) . The breech mechanism should be composed of but few 
ports, and be of a nature not easily damaged or broken when in 
use : there should be few, if any, screws to be removed, so that 
in the event of a casualty the soldier can repair damages upon 
the field of action without the aid of an armourer. 

(H) . A breech-loading gun is not perfect that is confined to 
tne exclusive use of a special cartridge; and that cartridge 
should bo fire and water proof, — not to be ignited by exploding 
of shellH, or damaged by damp, rain, or from being transported. 

(I) . And, lastlv, a fire-arm should have the stock in one 
piece, and not mauc up of different pieces. 

The gun invented by Bethel Burton, with its details represented 
in Figs. 2837 to 2843, satisfies all the requirements which we have 
marked (A), (11), (C), &c. Besides, it is iia|) 088 ible,even when firing 
lt)OHC‘ jK>wd«?r, to blow out the movable bro(Jch, which is suited lo any 
calibre: the weighs but 8 lbs., and its penetration is great. 

The fire-arm rc'presentcd. Figs. 2837 to 2843, has lately received 
some important improvements, which Burton has patented, the 
following description is taken from his sjieciflcation ; — 

Fig. 2844 is a side view of the arm, ready to fire. 

Fig. 2845 is a longitudinal section of the same. 

Fig. 2846, the bolt and covi‘r detaclied from the screw-support, with the 
spiml spring and pishm projecting fnmi the chamber of the bolt. 

Fig. 2847 is the lever which works the bolt, with the screw-support 
attached. 

Fig. 2818 is a front view of the same. 

Fig. 2S43 i« a fnmt view ('f the bolt. 

Fig. 2850 a view of the piston. 

Figs. 2851 to 2856 are si'ctions of my improved cartridge. 

In describing the parts, a is the stf>ck, 6 the barrel, c the >)rcech, 
d the screw-8Ui»jw>rt, the lover attachcMi thereto, d- the spiral spring m 
the lever Ix twecn tlie pin d’ and acrew aM, e is the cover and e' the bolt 
in on<‘ pit*ce, / the piston-nnl, /' a rib on the piston,/* a grexive in the end 
of the piston, /* the fiiig<*r or sear, /* the trigger, <f tlic spiral or main 
spring, A the cxtrachir, A* the pm for ejecting the cartridge, A^ a pin for 
fastening in the cxtra<‘t<»r. » a gr(x>ve in the breech at the end of the 
l>arr(‘l, a hole through the brc<x*h into the groove, j a bevel on the under 
side of the fmiit end of the bolt, A the position of the hole for the pin A* 
in the bolt, I the trigger-spring, w a stop-pin in the screw-supjKirt, n a 
grtsive in the 8crew-snp|Kjrt in whicb tl»e rio P works, o a groove in the 
finger /^, anti p a gnsno in the after-part of the cover e, q A cam or inclino 
on the coupling or end of the lx»lt t '. 

The hre4s.’!i is Isired out and stx'ured to the barrel in the usual way, 
and in the rear entl of the bretrh there is formed a st'otioual screw corre- 
sjK)nding to the one <m the screw-supixirt d; the wlmJe of the threads of the 
screw in the bwHich are n‘niov(?d for | and rji o( an inch. The screw d on 
the RUp}K»rt, Fig, 2847, is not out close up lo the fivee of the lever, for | and 

of an inch, but is left solid. A gro<»vo is mntio close up to the face of 
th(» lever, and down to the diaincter of the bolt, and onc^half the distance 
from the face of the lever to the screw d, on the (xlge of which a bevel is 
made to fit a corn^simndiiig lH*vel ;> in the cover e whicb forms a dovetaiL 
Tin* screw-supixirt d is Isireil out, ns set'll in dottetl lines ; the end of the 
Ixilt is turned down to fit ; tlie tliickuess of the metal Wing divided, the 
strength of Isith is o^ual. A hole is Ixired out in the screw-sunport, and 
into the lever same size as the hole iu the liolt, for the piston ana spring to 
work in ; the parts are then pushetl into each other, and the lever turniMl, 
when they are firmly uniUnl together in the manner seen in Fig. 2845. 
In onler to prevent the lever fivwii turning until in its projK*r place, Burton 
says, I make a hole in the lever to within of an iiicii of the front face of 
Ujo lever. I then make an oblong hole, clmr through, which leaves a 
shoulder on the inside. In the other end of the hole I fit a screw d«. I 
make a pin d* to fit m this hole by filing off two sides, which fonns a 
sliouldcr or head on the pin, the head of which I make about of an 
inch, and place the pin in the hole ; I then put in the spiral spring, and 
the screw which keeps them in place. In the rear end of the cover e I 
make a slot in which the point of the pin d* can readily enter. In eoupUng 
together the bolt and sorew-suptxirt tlie pin d* is pusluxl back until the ena 
of the covex s comes against it. The lever is turned until the stop m meets 
•the side of the cover c, the point of the pin d* then enters the slot in 
^e cover and prevents the lever from tundng until the bolt is pushed 
forward when the point of the pin d\ which projects above the top of 
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iho cover, strikes against the end of the breech at e, and is pushed back and out of the slot 
in the cover c, which allows of the lever turning, and uniting the sectional screw-threads of i 
the brooch with ^ose on the screw-supfKirt, which support the bolt against the explosion of the 
charge ; it is then in the position seen in Fig. 2844. When the lever is turned for the pur- 
pose of wi^dniwing the bolt, the pin d* imm^nvtely enters into the slot of the cover as before. 
The bolt is bored out to receive the piston, as indicated by dotted lines ; on the end of the bolt 
at q an incline or cam is cut on which the point of the rib /* of the piston works. The rear end 
of the rib p enters the grtx)vo n in the screw-support when the latter is united to the bolt ; when 
the lever is turned, the rib /•, being in the groove n, causes the piston to turn with the lever, 
and the point of the rib to turn up the incline or cam compressing the spring and forcing the 
piston back, so that the face of the piston at /* does not come in contact with the finger /* until the 
bolt is pushed forward, and the sectional screws coramenco to engage in each other. The pressure 
of the spring upon the piston is then transferred from the ctim on to the finger, consequently in 
opening or closing the breech there is no force required. The bfdt is allowed to move in and out 
by means of an oblong slot x, x, in winch the end of the finger /* works. By making the 
coupling of the screw-support, with the bolt, behind the fmgor. 1 do away with the necessity of a 
cross-slot to allow the bolt to work on the finger, by which I strengthen the bolt very materially. 

I strengthen the bolt additionally by the cover and bolt bomg in one piece, the cover serving for a 
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strap in keeping together the bolt and icrewHiupporl. In the cover from A to A* 1 make a hole, a* 
seen by dotted lines ; I take a wire the aize. of the hole and form an extractor, a rross-pin A* in the 
cover e panana partially through the extractor and rt'tains it in place. The pin A* br^ng longer 
than the hole in which it works, projects into the slot x , x « so that when the U>lt is pulbnl sharply 
out the end of the pin A* strikes against the finger /•, is driven forward, strike's the heatl of the cart- 
ridge, and expels it from the chamber of the breech, as indicated in Fig. 2845. ll|sm the pm A* 
there is a fiat, and in the under-side of the lK>lt tliero is a screw, the point of which pasties up 
and on to this fiat, on tlio pin allows the pin to move in the hole, hut prtwents it from coming 
out. The hnnich is formeu so as to allow the Ixilt and coverr to |Mtss in and out ; a strap numing 
from c to A, Fig. 2845, passing over the cover, gives the lUMMrssary Hirengtb, An o^xming is cut In « 
the breech in front of the strap to allow access for a cartridge in nod out of the chamW of 
• breech, which opening is filled up by the cover e when in place, see Fig. 2844. In order to piweni 
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tho ann firom being Area until the bolt is entirely screwed up, I groove the end of the piston, and 
into this groove I cut an opening the thickness of the finger at /*, and on the finger at o I cut 
• a groove corresponding to the groove in the piston, which engage each other when the bolt is pushed 
homo and the lever turned into the position seen at Fig. 2844. The opening in tho piston p is then 
brought opiKwito the finger /*, the finger is then free to oe pulled down by the trigger p. The piston 
is then released and is forced forward by the spiral spring g delivering a sharp blow on the cap ; this 
blow ignites the fulminate and fires the charge. In order to carry the arm with safety when loaded 
and the breech closed, a bolt on the outside rear-end of the breech, resembling the bolt of a door, is 
made to enter a hole in tho lever, which prevents the lever from turning, and while in that position 
the tongue and groove on the finger p and piston/* engage each other, and prevent the possibility 
of firing tho arm. To fire tho arm remove tho bolt out of the hole in the lever, turn the lever until 
tlie screw-support is entirely screwed up, and the arm is again ready to fire. The safety against 
premature discharge of the arm is not dejxmding on the tongue and grof)ve on the finger and piston ; 
the end of tho rib p on the piston would come in contact with the cam q on the bolt before tho point 
of the piston struck the cap, should the trigger b<i pulled before the breech-bolt was entirely screwed 
up, which makes tho arm doubly safe. Should damaged cartridges be used, in order to prevent 
mis-escaiK) from coming in the face and eyes of the person firing the arm and from clogging tho 
iK)lt, thereby preventing its free action, I make a groove i in the breech at the end of the bwel. 
Through the breecli I make a nuinl»cr of holes into this grwve, as seen at t*, Fig. 2844 , the gas 
C‘scaping from the damaged cartridges enters this groove i and out through the holes in the breech. 
1 form a lip on tho end of the barrel, Fig. 2845, which I bevel off. I also bevel off the under-side 
f»f tho lK>lt jy as seen at B'igs. 2845, 281(i, and fit the end of bolt close up to the end of the barreL 
The bevelled lip on the barrel allows the cartridge when placed in the chamber of the breech to 
slide into the chamlier of the barrel by tho forward motion of the lx)lt, without the necessity of 
entering tho cartridge by hand into the clmtnbcr of the barrel, w'hich very much facilitates tho 
loading of the arm. Tho cud of the l»olt b(*iiig recessed forms a supfiort for the head of the cart- 
ridge, and prevents it from droj»ping down from the hw)k of the extractor wdiilo it is l)eing pulled 
out of tlio chaml>er of tho barred, and expcdletl lh€‘refrf>m by being struck by tho pin A* in the bolt 
in the manner de.scrib(d. I, says llurton, make mv cartridge case with the base thereon of felt by 
one and the same process, after the manner of malbug felt hats, or by any other suitable means; 
the base Ixung forraixl smmth and even can be more securely riveted to the metal base. Fig. 2854, 
than though the end of the case was tuninl round to form a base : the case may be made of sheet 
brass or other metal if desired. The rivet, Figs. 2853 and 2855, is made of brass or other suitable 
m(*ta]. Fig. 2853, to form au anvil, but the rivet. Fig. 2855, may be used with a loose auvil if pre- 
ferred. In putting together the different parts of the cartridge, I place the rivet. Figs. 2853 or 2855, 
in the metal cup, Fig. 2852, and sfdder them together to prevent the gas escaping between them, 
and place them in the cartridge case. I place the base or head, Fig. 2854, on the outside, and turn 
the ends of tho rivet over, riveting the whole firmly together, in the manner seen at Fig. 2856. 

yVie Prussian Fig. 2857. — This fire-arm docs not possess in a high degree the quali- 

fications (A), (B): it jiossesses (I), but is totally deficient in (C), (D), (E), (F). (O), (H). A is tho 
needle-bolt furnished with projections a a* ; the hinder part passes through a spiral spring. 

mr. 
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n B i* tho lock for dmwinR the nccdlc-boU back : it w in the fom of a liltlo tube with a pro- 
jeetioK thmnb-pirre at one cml. and a liltlo tooth or catch (catching the projection a' of tho nccillo- 
iKilt) at tlie other ; it is, mort'over, held in its place by tho locking spring 6, but can be drawn back 
when b is pressed down. 

0 0 is the chainl]»cr, also tubular, in which is fixed the needit*-guide d. This chamber slides 
backwards and forwards in the outer case, by au action precisely similar to a street-door bolt, and 
it is furnished on tho outsitlo willi a knob or handle by which to move 't, Ixilt-foshioii, a slot being 
cut lengthwise in it to allow it to jiass the catch A, Its bevelled or ^^nical end exactly fite tho 
cornsiiKinding bevolled or conical end of tho liarrt*!, and it is forced into close conlnct with tho 
latter by a sidewise motion of tho knob, which motion, by thrusting the Iwse of the knob c against 
tho slightly inclined edge / of a slot in tho outer case, jams the two bevelled surfaces together, and 
thus tightly closes tho breech. . . . r * 

B is the trigger aotiug upon the spring and thus upon the catch A, Tho upper suriMC of tho 
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trigger's horizontal arm takes its pmehase against the nnder-side of the ease, and is fumisned 
with three knuckles or points of pressure; acoording as any one of these knuckles is pressed 
against the case (by puU upon the trigger), so will the catch h be drawn down to a greater distance. < 
The first one is in beiuring when the gun is out of use, or immediately after firing ; when the second 
or middle one is brought to bear, the catch A is drawn down sufiSoiently to allow the needle-bolt 
shoulder a to pess over it ; when the third is brought to bear, A is so far withdrawn that the whole 
^ of the ](x:k-iube B B will pass over it, so that a soldier can, if necessary, disable his gun in a 
moment ; if bo has to retreat, leaving his gun behind him, he merely pulls the trigger very hard 
and draws B B out by the thumb-pit^ce, and he leaves behind him an empty, useless Wrel. 

The various parts are thus manipulated in the process of loading and £ing 

First, the thumb is pressed upon the spring 6, and by means of the thumb-piece the small lock- 
tube is drawn back, pulling with it — ^by means of the little tooth at the opmsite end — the needle- 
bolt, till the shoulder a is caught behind the trigger-catch A. Then, by pulling the knob a little on 
one side, and at the same time pushing it towanls the butt-end of the stock, the chamber C C, with 
the necdle-gnide, is slid back, and a clear space is left in that part of the ease which is in our 
drawing occupied by the needle-guide. Through the opening thus mode the cartridge is inserted 
into the end of the barrel, as shown by the dotted lines in the diagram. The chambt^r is then 
lx>ltcd up again, and the thumb-piece (and so the lock) is pushed forward to its original jKMjition. 
The position of things is then just as shown, with the exception that the needle-bolt, and with it tho 
neeilie, is held back by the shoulder a, catching against tho trigger-detent A, tho spiral spring being 
of course compressed or in tension. The gun is then ready for firing, the trigger is pulled, h is 
drawn down, and the spring, released, darts the needle through tho guide into the cariridge, the 
blunt end of (be needle sharply striking the fulminate and thus igniting the charge. 

Tho barrel of the gun is, in tho latest patb'ru, 82 in. long and of an inch bore, tho breech end 
being widenefl out to admit the cartridge easily ; and it is rifled with four grooves, of an inch 
deep, the rifling taking one turn in 28| in. llie total weight of tho gun, without the sword- 
bayonet, is lOjf Ihs. 

The chief objections to the needle-gun are doubtless the danger attending the transportation of 
its paper cartridge, and the <lelicacy and complication of its mi'clianical arrangements. The cart- 
ridge. unlike the metallic, does not assist in any way to pr(*vent the escape of gas breechwartls, so 
the iuDction of the chamlicr-closer or brcech-Udt witii the liomd must a |M3rfe<’t mtichanica] fit, 
like the safety-valve of a steam-boiler. If a little sand were to get into the joint an injurious 
cscai^ of gas would be inevitable. 

The Poibocbj (lun is represtmted in section. Fig 2H58. A A is the breech-block hingetl on tho pin B; 

C is tho pin, or striker, which transmits the blow from the hammer to the cartridge, and which is 

2%8 



The Peabody nifle. 

^pahleof a small sliding motion, determined in amount by tho pin passed through tho oval boleO. 
In order to open the breecli. tlio trigger-guard is drawn down, by which the brwH?h-block A is 
depres^t and, catniing on the lower part of the clliow-lcver 1>, jerks out tho empty cartriilge case. 
By cocking the piwe, insfirling a fresh cartridge, and pulling up the guard-levijr, the gun is again 
ready for firing. This anii is very deficient in the i|UttUfications (A), (B), (C), (K). ((i), and (1). 

Ihe gun of Albini and Brm«ilin, Fig. 2«.Vd, is on the Mont Htorm system, calii>re 0*462 in,, 
ariaptea for central-fire cartridge. Urr^xth arrangement put on as a shoe. The tiisbm or striker 
pasM;8 through the longitudiual axis of the brct>ch- block, and receives the blow of a horizontal bolt 
worked by the lock. Iho extmcb»r consists of two simple forks hinged on the pin of tho hroeoh- 
w <»tch on the back of the fork meeting a similar proj(*ction on tho block, which, 

^ .extract the empty cartridge cose. Ammunilion ; specif 
^rtridp, len^h .V4 in., weight m grams; bullet cyUndnHJonoldal, with a bosal cavity na^ad 

ih» ® be seen bv a referenco to Fig. 285B that the rifle la a oombiaathm A 

Th« ammjfcment rf the extractor beinir the ebief nofalW. 

it ^ ««tructor K in tho^aot of diavinK tSa 

‘mproienienU on the Sniiler rifle. For inetmo^ the 
cartridge doea not go hone Mly, the breech of the Snider cannot be oloaed, whilet in ^eeee of 
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the Braedlin the mere oloeing of the breech helps to force the cartridge to its place. Again, the 
axis of the striker is in a line with the axis of the barrel, and thus the cap in the oartrid^, being 
struck more fairly, stands a better chance of ignition, and the protrusion of the exploded cap 
cannot, of course, prevent tho breech from being opened. It is scarcely necessary to remark that 
this fire-arm is deficient of the qualifications (A^ (B), (C), (£), (G). 



The Albini-Braedlin Gun. 

The Chassepot Rifle, Fig. 2860, the wenfjon of the French army. This fire^irm does not possess in 
a high degree the qualifieatienH marked (A), (B), and is totally deficient in those marked (C), (E), 
(F), (G), (H) This is a iu*c<lle-gun. The fulminate is not in front, but in rear of the charge, and is 

aseo. 



contained in an orrlinary copper cap. Tlic chief feature of the invention, however, consists in the con- 
trivance adopted for preventing the esc«|K? of pis hreiehwards. The hcrmi tie closing of the breech 
parts is obtaineil by the instHntninMtns compression, under the action of tho explosion, of a vulcanized 
cariutchouc washer interjios<Hl hetw<‘en the front face of the breech-bolt ana a flange, or shoulder, 
«|H»n tho niHHlle-gnido. Tho neeiUc^-giiid© being movable, ami tho front face of the bolt being 
fixinl, the inditi-rublier wnslier is nipiMxl between them. The W’asher and tho tlango or shoulder are 
of a little less diameter than the l»rei<?h in which they are fitted, so os to facilitate their play therein, 
but tho diameter of the f^mt faci* of tho bnuvh-boit is, as nearly as jxissible, equal to the inner 
diameter of tin* lireeeh. When the explosirm takes place, tho prc*a8uro transmittm by the mo\’able 
!nHMih»--^i<le to the washer is such, that the latter is compressiHl sufficiently to close hermctiailly 
ti e r<*a. end of the liarrel and thereby prevent all gas-cscajjc. After tlio charge is fired, and tho 
pressnro removed, the washer, by virtue of its elastieity, returns to its natural position. The ring 
or washer is ivvmjKiiMiHl of thn^ layers of differtmt degriM's of hanlness, the two outward layers being 
of much hartler sulwtanee than the ci*nlre one, so that on Wing presseil the intermediate layer, which 
is jHTfwtly elastic, ex{tands. A n^fenmee to Fig. 2860 will explain the nature of Bus bre<*ch-clo8ing 
arrangement The india-nibWr ring <i is eompn^sseti by the nmllc-^iide C between the washers 
c, \ when the charge is ignited, and is therefore forced to fill the band in which, iu its normal i^tata, 
it is a l<»ose fit. 

The following particulars relate to the Cliasscpot rifle p— 


Weight 

Calibre 

Itangn 

Weight of cartridge . . 
Weight of ball .. 
Weight of charge 
Number of groeiroa .« 


Frencb nM'ssummcnt. 


4 kil<is. 50 grammes 

1 ] inillimetra 

lOOOmHies 

dl grammes 


SI 

4 


If 

ft 


Engli«h mesfarenient. 

8 lbs. 14 ozs. ISdis. 
• 4 : 1:1 in. 


1094 yds. 
478*4 grains. 
870*4 „ 

84-8 „ 
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Tht Marttni-JTewry Rifie, Pig. 2836, in which a. bane); 6, body; o, block; blodc axls-pln; 
e, Btriker: /, main-Bpring . <7, stop-nnt: 4, extractor; i, extractor axis-pin; rod and fore-end 
holder: k, rod and fore-end bolder-ecrew ; /, ramrod, m, stock fore-end; n, tumbler; 0, lever; 
p. lever and tumbler axis-pin ; q, trigger plate and guard ; r, trigger ; $, turnbler-refct; t, trigger and 
rest axis-pin ; u, trigger and rest-spring ; v, stock-butt - le, sto^-bult ; lever catcb-block spring 
and pin ; A, locking bolt ; B, thumb-piece 

With regard to the so-called Martini gun, better known in the United States and Canada as the 
Pi'abody gun — in which places as well os im Switzerland, with this arm numerous accidents have 
occurred, and all trials with it have been unsatisfactory — the Woolwich committee on small arms, 
after two years’ investigation, we should have said dodging, at g^t expense to the nation, recom- 
mondod its adoption as the best arm for the British srddier. Without hesitation we proclaim this 
truth, the Martini rifle is the most costly and difficult arm to manufacture, and it is deficient in 
every essential point from (A) to (I), with the exception of (D) and (F). 

Westiep Richard^ Rifie. — Fig. 2861 is a longitudinal section of a portion of a breech-loading fire- 
arm construoied on the Peabody system. 



o is a portion of the barrel, and 6 the body or frame into the socket at the fore part of which 
the barrel is screwed ; c is the drop-block jointed at its rear end to the body ; d is the hand-le%’er 
for supporting and working the breech-block, it turns on a pin or axis a* curried by the side cheeks 
of the body ; e is a small lever which by the spring is causi'd to bfur on an incline on the brjss of 
the hand-lever, giving the hand-lever a timdency to n niain at either end of its course ; / is tho 
trigger plate and guard, it is fixed to the side cheeks of the Ixsly by pins P and p; it carriers the 
hammer g on the axis g\ the main-spring A, the trigger t, and the sour A, which, as is shown, Is 
mounted on the same pin os the trigger. The main-spring may either press directly on the hammer 
or act upon it through a swivel or link. The w^-spring / is also carritnl by Uie trigger )»late and 
guard : m is the striW capable of sliding in a straigni lino in a hole l>or<td and slotu^ for it in tho 
breiTch-block c. The stop-pin n limits the motion of tho striker in a Wckwanl diriHrtion and pre- 
vents it escaping from the block ; m' is a projection on the striker with which, in opening the briH*ch, 
the inner end or arm <jP^ of tite hand-lever d comes in contact, the striker is thus pushc«d liack a short 
distance, sufficient to retire its nose beneath the face of tho breech-block c, before the lever acts on 
the block to cause it to drop. The back of the striker pushes back the hammer until the brctcch is 
partly open, and then the sides of the drop-block act against projections g* on tho hammer and carry 
It back until the full-cook l>ent U(K>n it is caught by the scar. On shutting the brtjecb the drop- 
block and striker return, leaving the hammer rctaiiifKl by the scar. On nressing the trigger, the 
s^r-nose is lifted out of the bent and the hammer delivers its blow upon the striker and the cart- 
ridge is fired. 0 is the extractor, and p a level bolt for locking the trigger. 

Of this gun we have only to add, ti^at its imaginary improvements consist of a confused complica- 
tion of its {larts. and looks like an (;nd(^vour to evade the PealKKly-Martiiii system, like which it is 
deficient in all the qualifications from (A) to (I), except (D) and (F). 

The RemingUm Rijie, — Fig. 2835 is a side view of the breecli. 

In this rifle there is no essentially novel feature in the stock a, barrel 5, or frame c. Bemingtoii 
in his sj^ification observes, ** 1 [irefer to armnge the hammer d centrally behind the swinging 
broech-piece s, and to form the same with an extension which nerves as a tumbler, and which in 
provided with notches 1, 2, for the trigger / to take into, W if denired a nopaimte tumbler may bo 
used, the hammer being then arranf^ed at the side of the breech. The breeeh-pieoe 0 whioii la 
curv^ on its upoer surface to allow it to swing down in front of the hammer d (or the tumbler) it 
bored or recessed from the rear to within a slight distance of fin front surface s* which lies in con- 
ta^ with the cartridge, this surface being perforated at s* to form a passage for the needle g. The * 
surface (?* of the breech-piece is quite plain or flat, and closes the breech p^eotly without any ?alf» 
or gas-check such as is ordinarily employed in breech-loading arms when paper oartiidgeeare used. 
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The needle g la fixed by screwing or otherwise In the bolt or pin h whiob works in the recess or 
cavity ^ in the breech-block e ; the said pin is kept back in the proper position to be struck by tho 
hammer by a spiral spring i, and in order that this spring may not occupy any portion of the space in 
the said cavity in front of the bolt A, and sliall leave the same clear for the advance of the bolt when 
the same and the needle are driven forward, 1 make the said bolt hollow and insert the spring 
within the same. By this means the bolt A can be driven forward till its end A* is in contact or 
nearly so with the end of the recess To allow the bolt A to be thus made hollow, the needle < 7 , 
instead of being in the centre, is fixed near the periphery of the said bolt and (as I now construct 
tlie arm) above the centre of the same. In order that the bolt A may not bo driven too far forward 
the broeoh-piece at the back of the recess or chamber e* is formed to act as a stop to the hammer d. 
To drive too needle forward the re- 
quired distance, it is necessary in this 
arrangement of parts that tho end of 
the hammer should follow the bolt some 
distance in tho recess c*. For this pur- 
pfiso I form tho end of the said hammer 
with a circular or other shaped piece 
(t\ which projects beyond the shoulder 
d* and enters the rec'css, the said piece 
Iwiingof such a length that tho Ixilt and 
n(‘(*dlo are driven far enough forward to 
effect the explosion of the cartridge Ixj- 
fore tin* hammer is stoj»pe<l. I’he e»caiK3 
of tho ls>lt or jiin A from the rwess e* is 
prevented by a screw or pin e* which is 
|)a 8 s»*d tlirough the side of the brewdi- 
pieco r, tho front end of the Ixilt l>eing 
formcMl with a stop A‘ which will not 
pass over tho said fwrew. It is desir- 
able that tho distance between tho 
centre of the barrel b and the axle-pm 
j of the breech-piece e should 1 k) as 
short as possible, and for this pur{K)ho 
the circular part c* of the breecli-pieco 
which surrounds the said axle-pin is 
made concave at c® on tho side ad Jfuu nt 
in the barrel 6 . The lower part of the 
cml of the Imriiel which lies in this con- 
cave part c® has a ymrtion of its exte- 
rior surface cut away at 6 ‘ to make it 
conform to tho shn[»e of the concavity 
c® in the brcs’ch-piece. A coinjaict 
arrangement of imrU is thus obtained 
in whieh the iree moveimuit of tho 
bret*ch-piecc w iu»t nflW'tedbv its close 
proximity to the barrel.’* but it is 
affi'ctetl when 85 grs. of powder and 
4 SO grs. of letwi are ustni, for, tho 
lower iMirt of the Iwirrel being cut away 
(to mako room for the joint of tho 
brt*ech-block), the force of the explo- 
sion pressc^s that jian d<»wn on the joint 
of the hlcxrk, and pn*vciits the bltjck 
from Iwing drawn or turni'd Imck toex- 
trac’t tho ciirtri<lgp by (ho jirt'ssure of the 
hand ; scks test IX.. page 1471. “The 
pill j and Uie hammcr-iun A are passed 
thmugi l)olh sales of the frame c.” 

Tins ami of Uemington is greatly 
deficient in all our requirements marked 
(A)to(I). 

Tho so-called Berdan gun, Fig, 

2802, is merely a clumsy attempt to 
evade the patents of lUdhel Burton. 

Fig. 28(i2 IS a longitudinal vertical s(*o- 
tion of tins brcech-Unnicr taken along 
the centre lino of tho barrel. The open 
part of the breech A which receives tho 
cartridge is provided at its lower jiart 
with a cavity d in which the dirt and 
dust may bo rectuvod. The extreme 
faces of this receptacle are provided at 
f and <7 with two tnclitied planes. It 
' may bo remarked also that the closing projection h of the movable breeoh 0 is on the one iwd 
prolonged in front suffioienUy far to afford s|taco fur tiio scjow U which secures the cartridge 
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ex tractor above the hook of the latter, and on the other hand to form a stop for the bolt, which 
stop shall come in oontaot with the fixed breech when this bolt is pushed forward. The long 
collar or socket D which encloses the bolt C is shown of sufiSoient length to enable the spring H of 
the striker to be long enough to ensure a regular and certain action. 

The trigger-spring M operates on the end r of the shorter arm of the trigger, which in its turn 
transmits its action to the shorter arm a of the curved tumbler or lever N. This lever is so con- 
structed as to enter the bottom of the full-cock bent or notch m during the forward movement of 
the latter by reason of the end t of the tumbler N being situate a^ve the axis on which the lever 
itself works. Care has also been taken to provide the half-cock bent or notch n with a heel, which 
prevents the end t of the tumbler or lever K from being disengaged therefrom by any manipulation 
of the trigger L. The rib or projection p in which are formtd the bents m and n is out with an 
inclined surface, so as to ensure tno free play of the bolt C and the entrance of the point t into the 
bents. To the under-side of the breech-piece A there is fixed a blade-spring O, which at one end 
terminates in a curved surface P intended to facilitate the automatic introduction of the cartridge 
into the barrel, whilst the other extremity of the spring tends constantly to elevate the pit?ce Q, 
which is provided with proi^tions a and v ; the projection w, Fig. 2802, is intended to restrict or 
limit the recoil of the bolt C by entering a notch u- formed on the under-side thereof Ix^hind tho 
enlarged extrt'mity K ; thus it is simply requisite to press iq^on the end of tho piece in order to 
remove or detach the l^lt or sliding breech as well as the jyarts connected therewith ; tho projec- 
tion M serves also by entering the notch x to prevent the Ixdt C from sliding forward and closing 
the breech when the muzzle of the gun is inclined dr>wn\vards. The scooud nrojiMJtion r of tho 
piece serves as a stop or obstruction to tho flange of the cartridge when it is drawn l>ack by tho 
extractor I, and thus facilitates its automatic discliarge from tho arm. The extractor I is contained 
in the closing projection of the lx»lt C. It is maintaintHl in its place by a screw R, against which 
it is constantly pressed by a helical spring S dis|)os<*il at the rvfir end of tlio part. The dimensions 
of the chamber which encloses the extractor are such that the latter may havti sufficient play 
therein to allow it to seize the flnnirc tr of the cartri<lge wlien movetl forwaid with the bolt at tlio 
time of closing the breech. In onlor to k<»op the catch of tho e-\tmctor lowewd uf)on the flange w 
during the whole time of opening tho breech the uppc'r surface of the catch is formed with au 
inclination z liearing against the screw R, which thus 8er%*es to regulate the p<^ition of the ex- 
tractor in its sheath or chamber. Another inclined surface y caust^ the extractor to mount over 
the flange tc of the cartridge case T at the moment the catch or claw encounters tho flange when 
forcing the cartridge into the ImrreL 

We describe this arm, not for its merits, but liecauso it is a good specimen out of the many wo 
have examined, to show how the would-l)e inventor of a breech-hwling firt'-arm appropriates to 
himself the ingenuity of others : such castes fully represent how deficient are our Patent laws, which 
grant patents for the same inventions over and over again, thus turning the Patont OtRce into a 
mock-auction shop, and thus enabling unscrupulous persons to set aside the bouest meritorious 
inventor. This arm is totally deficient in (A). (H), (C), (E), (F), and ((•). 

Fig. 2863 represents how the parts of J, H. Burton's gun are combined ; it is a longitudinal 
section, a shows a portion of the stock ; 6, a |K)rtion of the barrel ; c is the sight ; d is the shcH* in 
the cavity (between the breech and the bridge </*) of which Uio cartridge is placed. The cart- 
ridge is forced into position for firing in the bre*och cmd of the barred by the f>n>ech-lx)lt e ; this 
breech-bolt is fonued to slide and tura easily in the shoe d and its fore end or face or head c* is by 
preference formed of hardened stoel or of caae-hanienf'd iron and to screw into tliat end of tho 
oreech-ljolt. To facilitate tho turning of this fMirt for its it^moval or n*placement it is formed 
with a scries of holes or recesses c* in its periphery" adnpte<l to rcreive the end of any suitable pin 
to act for the time as a lever in turning that pi«voV* for screwing it into or unserew'ing it from tho 
main j)art of the brciich-lxdt c. / is the hammer, in the fore end of which is fitted the striking 
pin y for exfdoding the cartridge and thereby firing the charge, as is well understood ; A is tho 
hammer-spring, which is of a helical form and rests at one end against the end of tho obambor 
formed for it, a.s shown in the br<*ech-bolt c, and at the other ©ml it rf^sts against the collar /* on the 
hammer, with a tendency to force the hammer forwards with an elastic, force. Tho collar /* is 
formed to screw on to the end of the hammer / as a nut, facility for the application or adjustment 
of which is obtained bv the head of the liolt c being movable, Tho ond of tho cliamW in tho 
bf)lt e thu.s acts as an abutment for one end of the helical hammer-spring A, whilst the nut/* acts 
as an abutment for the other end of it. This collar or nut /* is fonned to touch the interior of tho 
breech-bolt e at |>arts of its surface, the other parts of its surface Ixung cot away to admit of the air 
contained in the chaml^er of the bre<fch-boU freedy rMuwing from on© side to the other of this collar 
as it moves in that chaml^er with tho movement of the hammer. Tho hammer / is formed with a 
rtrong fin or projection /\ which when tho jwirts ore in the position for firing is capable of sliding 
in a iongitudinfU ofjtening or slot provitled for it in the bref*ch-bolt e. Tho lower edge or surface 
of this fin or projection /* also passes into a {groove i* formed fw it in the roar extension i of tho 
shoe d, or it may be in a plate separate from it. Across tho lower edge or surface of this fin /* is 
also f{»rmed the fnll-oock notch 5 and tho halficock notch 6 to receive the nose f of the sear j. The 
hreech-bolt at its rear end is also cut away in order that when the hammer is drawn back so that 
the nfm p of the sear enters the notch 5, the fin or pr(»jf*ction is out of tho slot in the breech- 
bolt ; the hreech-bolt may then be tamed partly round liy acting on the liandlo so as to bring 
the projection s* coincident with tho ripening formed for its passage in tho bridge df*, and thereby 
admit of the breech-bolt being drawn back. The projection <5* on tne breech-bolt when the parw 
are ip iKNrition, with its rear end abutting against tho bridge d*, serves to hold the breech-bolt 
with its face or head correctly in the breech end of the barrel, and this projection c* in connection 
with the bridge d* receives the shock of the discharge. In the turning and subscsiuent back move- 
ment of the breecb-bolt the hammer passes from being held by th^ sear j to being held by Its 
uioulder resting against the rear end of the Ismoch-brnt, by which, althongh the Hsimnef |s iield 
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as it worf' at full-cock, it is also so held by tho rear end of the breech-bolt as to render it impossible 
for it to impelled forward prematurely to explode the cartridge whilst the breech-bolt is in any 
position other than that for firing. The case of each discharged cartridge is after firing withdrawn 
from the barrel by means of the plate 
which is capable of sliding in a groove 

formed for it in the lower part of tho M ^ W 

shoe, and at one end this pinto Ms H 

formed with a i)rojection 0 to catch on M 'Mm ^ M 

the projecting edge or rim of tho cart- M ^ 

ridge caw*, and at the other end it is ® ^ ^ 

fonnod with another projection to & ^ 

pass into a compound longitudinnl and Si 

transverse groove fonm*d in the under- '4^ ^ n 

side of tho breech-l>olt. The part c" of W ^ 

this comi)Ound gnH)ve is in n line pa- ^ ^ 

rallel with the axis of tlie breeeli-bolt, ^ 

ami at its fore end a shoulder is formed / ym ^ S. y 

toil by tlje head or face#?*; this part zM' \ 

is of length sufficitmt to admit of 'B r 

the breK*h-l)olt being withdrawn some 'fjM ®zzzzqP 8 
<li8tfince before the extractor a<*t8 uj)on /'M M 9 

tho cartridge casfj to withdraw it, and JH 1 

tho momentum thus ohtnine<l by tlio / ,4m ^ 

bref*ch-lK)lt renders the action njion 

the spent cartridge case more eflecti VO ''M mL 

to withdraw it in the ease of its stick- > .4 jB 

ing in the breech end of the barrel, , 

The transverse jwrtion of this grr»ovo / vE Hg- 

serves to rf»ceive the projection /* ami I '4 >4 ™ 

admit of the turning of the breech- T. 

lx)lt c when it is fully in its place in ' 

the rear or br(‘(‘eh (*n(f of the barrel. A / ^ 

stop limiting the longitudinal motion ^ 

of the breich-lxdt backwartls is thus " ( ' ^ I? S R I® 

prf»vide<l by the prr>jection on the / / ' . 

rear **nd of the (‘Xtractor acting in cv)n- v' 'If H K i ^ r 

junction \^jth the shoulder foriutnl by ' , ^ 

the movable head of the bref*<'h- 4 ' JH fig « 

Ixdt, and the nnr end or termination | 

of the grftovr* in the shw in wiiicli the A! 

extmct<*r slides. The w'ar j is sup- p i a. 

m»rted to turn ujiou an axis carri«xl ' /ifl 

oy lugs prr'jifting from the umler-sido MM" 4 £ 

of the shoe J. 'I’hf' lever ji® of the sear 4 ^ j 

is in jwKsition to U* acted ujk)u by the Msr 

trigger m, and it is bojije lijsni by the jw ^ g ^ 

spring u hImii iidixt*<l ti> the sIkh* d \^ith M ^ 

a lendeiiey to Is* sr the mas* of the 8< nr m — oiT^ \ 

J towanls the hammer in order tlmt m ✓ y ' L ^ H JVL^ / 

the sear may projK*rlv engage the ^ ^ 

tumbler milehes 5 nmf d formed on M r/^f ' 

the j>roj<H'iing fin /* of the hnmimr f. f 

.1. II. Uurton’s gun is totally <b ficient \fes^ ‘ >' - vM* 

iu ( t ’ ). ( K), ( F), ami is n comliiuation of 44 -L-.. .1 f 

the itothel Burton and the ('hasse|K»t. ^ — — ; — -- — J / 

TTtc >’«e/cr omm, Figs. 2S(J t to 2Sd<!. ' ^ / 

This fir(*-urm is «leficient of the B?' 4 , / ,> 8 

properties marked (A), (B), if ’ ' ^ 

Thf* mcYhanism is extremely rude, m w 

the bret*<’h-l)lo<‘k hiug<*s uj>»n a side B // , ///i p ® 

pin and works Wk\\ards and forwunls. B .. ■/.■■ • .^.4V ■> 

It is kept in its place by a small spring 

«tud (T. Fig. 28ii0; this stml has Uxju changcHl from time to time from the breech to the block and 
fnnn the bbs'k to the brt,uH»h. 


The igfiition is «*fftieted by moans of a small piston or striker, which passes through tho breech- 
block end which when in rejsw is flush with the face of the block. A idow of the liammer causes 
it to dart forwanl aliout a tenth of an inch into the cap which is fixed, as shown in Figs. 2805, 2806. 
I'he piston is retiinnxl by a spiral spring. To withdraw the empty cartridge case, a claw i\t ex^ 
tractor forma |)art of the binech-block. When the bhiok is withdrawn tho empty cartridge is neces- 
sarily drawn with it, and by canting the rifle sideways the osiao is thrown out The extractor is 
retumi^d by anotlier spiral spring. 

Fnider’s gun protHised in 1800 is illustrated by Figs. 2867 to 2870. 

Fig. 2807 is a longitudinal section, and Fig. 2870 a plan of part of the breech. An opening is 
"the rear end of the barrel to receive the broech-pieoe c, or this opening may be m a shoe 
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into which the barrel is screwed. The breeoh-pfeoe which oconpies this opening is attached to the 
barrel or shoe / by a hinge e affixed to its upper portion, surrounding the charge chamber so as to 
form a covering and admit of space within it for the movement of a draw cartridge and which 
is placed and moves in a slot or groove formed therein. This draw cartridge is operated by means ' 
of a cog or ratchet a on it, acted upon by a corresponding cog or ratchet b on the movable part of 
the hinge e which is attached to the breech-pieoe c, so that after a charge has been fired the ex- 
pended cartridge case will bo withdrawn from the charge chamber d by the action of lifting or 
opening the breech-pieoe c, causing the cog or ratchet b on the hinge o to act on the ratchet of the 
draw cartridge, and forcing the latter against the head or rim of tho cartridge case and thus with- 
draw it. 

3864. 



Fig. 2^8 IS a verticat section through the line x, of Fig. 28fi7. and Pig. 2800 a similar view 
through the line When the ami is charged it is l(x;kcd nnn retaimd in place by moans, 

before described, for locking the bref«h of fire-arms; see Figs. 28G4 b) 28G6, 

Thero is a h^o made through the breech<support or plug. Fig. 2807. In this hole is placed a 
self^mhing locking bolt . to Ibis bolt is connected a shaft t£at works in a hole or slot in the tang 
purpose of opening the breech. 

Ihese stn^res might be continued to a great length on the vast nnmber of fire-arms that we 
nave examined, but we shorten our task by disc 4 irdtng alt such cotitnvances that la< k all our qoah- 
fl<*tionide««ialed (A), rB) (C), (D), (if), (F), (G), (II), and (I). 

pistol, which is the smallcstof breech-loading fire-arms, follows suit. From 
down to »tnith and Wesson there is no meebamea) novelty worth attontion. The reviving 
pistol comes under two heads, namely, the jiocket pistol and the army pistol Smith and WessonV 
improvements over Colt chiefly consist in making arrangements so that motalhc cartridges may be 
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wed, indeed we gife pTeferenoe to Co1t*e system; to Odt is doe tbe merit ef perfeeting this speeies 
of arm, ali other pistol inventors only attempt to attain the end in a more indimct manner 
• and by greater complication 

38S7. ^ 
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roprosents in side elevation, and Fig. 2872 in side elevation 
™ Io»M?itudinal section, a repeating or revolving pistol oonstmcted according to Albini's 
meth^ of arrangement : Figs. 2878 to 2876 are parts of the same pistol, when detached. 

o is the revolving cylinder; b is the solid frame of the pistol, and c is the barrel ; the solid fVame 
V ^ ®* usual. The cylinder a is mounted on tlie tubular axis d, upon 

wnieh axis the cylinder u is capable of r(»volvlng to bring each of its chambers in succession in a 
line with the bam c. The front end of the said tubvdar axis d is carried by the arm e, the lower 
norizontal part of which isjointed at r*, <?*, to the side of the friuno 6 ; the axis d and am s are 
snown separately in Fig. 2873. The said arm « moves in a vertical plane upon its joint, and the 
cyiimier a Is by the motion of the said ann capable of being tum*^ out of or into the frame ft, as 
lUustmted in the drawing. In the titbalar axis d is a rod / by which the extractor g is operated 
ir^ Q lookfjd to and releasc^d from the fhime ft, tho rod / is shown separately in 

Jig. 2874 ; the said rod / is provided with a ihuroh-plate or handle p by which it may he moved 
^(^wimis Md forwards in the hollow axis d. In the fore port of the frame ft is a channel h in 
wnich the ftont end of the rod / works. Tho bole or channel h serves as a guide to tho rod /, and 

5 0 
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assists in locking tho cylinder a in its ftnmc. The side of the ohannel h is open, to permit of tho 
removal by a lateral motion of the said rod / from the QhA.nnfli hj when the cylinder a is turned out 
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the rod ia in this position the reur end is sitimted In the channel A, and the said part/* prevents 
the rod being drawn through the lateral opening A* of the channel A. When it is v^hea to release 
• the cylinder a the rod / is pulled towards the muzzle end of the pistol, the front end p of the rod is 
thereby withdrawn from the hole 6*, and the rear part /* is also removed from the channel A. when 
the cylinder a may be turm^d outwards upon its Joints arm e. When in the last-describea posi- 
tion a cut-away part p of the rod / is brought opposite the lateral opening A’ of the channel A, and 
the said rod can pass through the said opening. The sliding motion of the rod / is limited by a 
spring-top •, Fig. 2875, within the tubular axis d engaging with one or other of two notches or 
depressions A, /, in the rod /; when the rod / is drawn forward to release the cylinder a, the stop t 
falls into the notch or depression A; and when the said rod is pushed outwards to operate the 
extractor, the said stop i drops into the notch or depression I ; in cither case the further motion 
of the rr^ is arrested. The extractor gf, Fig. 2876, consists of a notched di^ or plate having 
a ratchet g* at back, upon which ratchet the lock acts to propel forward the cylinder a. The 
extractor is connected to the cylinder a, end its motion transmitted to the cylinder a by means 
of the guide-rods g\ sliding in holes in the said cylinder. The extractor g is pushed outwards 
from the cylinder a, when the rod / is pushed towards the back of the body by means of a shoulder p 
on the said rod baring against the inner face of the extractor, and the said extractor is push^ 
inwards to its place at the rear of the cylinder when the rod / is drawn towards the muzzle of the 
pistol by means of the head P on the said rod bearing against the outer face of the extractor. 
When the parts of the pistol are in the respective positions represented in Figs. 2871, 2872, the said 
pistol is r^y for discharge. After discharge, in order to extract the cases of the exploded cart- 
ridges and reload the pistoh the parts are manipulated as follows; — The hammer m is first raised 
to half-cock, the rod / is next pulled forward by its thumb-plate or handle /*, so as to withdraw 
the front end p from the liack of the body or fr&me A, and bring the cut-away part /* opposite the 
lateral opening A* in the frame 6. 

SmttA and Wesson’s Rewlver. — ^Pig. 2877 is a longitndinal section of this revolving fire-arm • 
Fig. 2878 is a similar section with the parts of the arm in a different position. 
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and the extractor restored to its proper position for a new operation as soon os the barrel is retumcfl 
to tho breuch. 

In these tire-amis as heretofore constructed there has been no provision made for the pawl 0^ ^ 
which in the ordinary construction projects beyond the face of the recoil-block in order to engage 
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with the ratchet on the said cylinder, and is therefore always 
liable to be broken off by the projecting heads of shells or even 
by the ratchet itself when the pistol-barrel is forced suddenly 
back. In order to obviate this difficulty. Smith provides a half- 
cock notch on the tumbler, and arranges the pawl 0 in such a 
manner in relation to the same that w'hcn tho hammer is at half 
cock the trigger presses against the lower end of the paw’l at R, 
and the pivot-pin S lieing alwve this point the upper end or point 
of the pawl is consequently thrown back. Tho trigger must 
project slightly at this side of the tumbler to enable it to cateh 
against the pawl. The pawl is thereby thrown out of lino with 
the breech-block face and entirely out of tho way, so that tho 
barrel may be forced back with perfect safety when tho piece is 
at half-cock. 

Ttcclu-charfher jRctw/rin^ Pi&td, — Figs. 2879 to 2883 give 
in detail an arrangement for a twelve -chamber revolving 
pistol, the invention of M. T, Dromel The idea of arranging 
many chaml>er8 in a circle is not new. but the manner in which 
the details have here been worked out is certainly original and 
deserving of merit. One of the chief objects aimed at in tho in- 
troduction of this weapon has been to produce a light and port- 
able revolving many-cnambered pistol, whilst its small width and 
the alisence of projecting points render it suiUnl for carrying in tin* pocket, tho sight at the end of 
the barrel being the only iuconvenient part of tho arrangement ; but this might be dispen^ with. 
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always available in eases of danger or emergeni^. Fig. 2879 
shows the pistol complete. A Is a catch closing the circu- 
lar door, moving on a pivot at 0, which holds the chamber- 
piece in its place ; and B is a small slide, which draws out 
for the purpose of cleaning or repairing the lock. Figs. 
2880, 2881, show the chamber-piece, Fig. 2882 shows the 
lock arrangement, and Fig. 2863, the opposite side of the 
pistol, with the hammer. In Fig. 2882, A is the principal 
part of the lock arrangement, which is attached by a joint 
to the trigger-block E. On pulling the trigger, the end of 
the trigger-block is elevated, and thus throws the piece A 
forward, which, pressing against a small projection on the 
hammer, raises it, draws out the point which enters one of 
the small holes, shown in Fig. 2880, whilst it at the same 
time presses against one of the small projections shown in 
Fig. 2882, and causes the chamber-piece to revolve. As 
soon as the next chamber comes opixisito to the barrel, the 
hammer is released, and the spring B forces it powerfully 
back, when its point enters the next hole and explodes the 
cartridge, which contains its own cap ; and as soon as the 
trigger is released the spring C draws Wck the piece A, 
whibt the smaller spring D gives its point a slight eleva- 
tion, and thus raises it so that on the next discharge the 
point of A shoots out alxive the next point on the chamber- 
piece. In Fig. 2883, A is the hammer, from the end of which 
a small point projects, which enters holes shown in Fig. 
2880, to explode the cWgo, whilst the small piece B is for 
the purpose of enabling the pistol to be carried safely in the 
pocket when loaded ; for by raising the hammer and eleva- 
ting U, so that the point on A passes through the hole in H, 
it is slightly raiseoi away from the cartridge, and cannot, 
therefore, exploile it. 

The Magazine gun of Bethel Burton, illustrated by Pigs. 
2881, 2885, differs only from his other gun. Figs. 2844, 284.'>, 
by the addition of a marine o, r r, n, underneath the barrel, 
from which the cartridges are supplied. The mechanism 
for conveying the cartridges from the magazine up and into 
ttie chamber of the breiHsh consists of a crank-lever m, a 
spring which steadies the motion of the lever ; a tray or 
carrier and a ft*ed- 
regulating spring n. Fig. 

2885 is a oross-section, 
at X X, in which the 
tray or carrier m> and 
lever ni, and the f<.K»d- 
s^iriiig n are situated, 
r, r, represent the cart- 
ridges in the magazine 

n, r r; a cartridge r is a so shown on the tray m\ 
just taken foom the magazine ready to enter the 
chamber when pushed forward by the motion of 
the bolt as the briHH;h is cIosihI. When the charge 
is fired and the bolt again withdrawn, the empty 
shell is thrown out and another cartridge carried 
up ready to enter the barrel. The arrangement 
for firing this arm differs somewhat from Burhm’s 
general arrangement before deseribeil: in this 
ease he a iopts a lever 4, Fig. 2884, for the pur- 
pose of gaining power over a bent spring 4^ which 
has to be kept in place. The trigger acts on 
the end or point oi a lever of tne third order 
^hich moves round a pin in the centre and is 
jnnde fast to a projection on the under-side of the 
brecsch. The action of the finger j is the same as 
in the other gun. Fig. 2845. 

It is important to know that Burton’s breech 
^iion, without being in any way altered, may, with 
his system of cartridge, bo employtsd to work a 
tnaju^ne gun, and guns of different calibres. 

Before speaking of cartridges we shall say 
jomothiag of the fuiminatt of incrcary. This 
bighly-explosive compound consists of protoxido 
Jf moroui 7 united with an aciil ; fufmtmc ociVf, 
ibrmed of cyanogen and oxygen, of which the for- 
Jjmla is CyO or C-NO : ana is used for the iiianu- 
lactuie of percussion caps. Fulminate of mercury 
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fs prepared by eansing alcohol to react on the add proto-nitrate. A qtiantity of meronry is dU- 
solvod in 12 parts of nitric acid of 35® or 40® of Baum^, and 11 parts of alcohol at *86 are gra- 
dually added to the solution; and while the temperature is slowly elevated, a lively reaction, 
accompanied by a copious evolution of reddish vapours, soon ensues, when the liquid, on cooling, 
deposits small crystals of a yellowish-white colour. Fulminate of mercury is one of the most 
explosive compounds known, and should be handled with great care, especially when it is dry, and 
it detonates when rubbed against a hard body. It dissolves readily in boiling water, but the 
greater portion of it is again deposited in crystals during cooling. The fulminating material of 
percussion caps is made of fulminate of mercury prepared as just stated, after having oeen washed 
In c>old water. The substance is allowed to drain until it contains only about 20 per cent, of waicr, 
and is then mixed with } of its weight of nitre, which mixture is ground on a marble table with a 
muller of guaiacum-wood. A small quantity of the paste is then placed in each copper cap and 
allowed to dry, the fulminating jwwder in tlie cap being often covered with a thin coat of varnish 
to preserve it from moisture. We shall speak of this again when wo treat of other explosive 
compounds. See Gunpowder. 

Carfridjcs . — Most rifles have been invented to suit the cartridge, instead of the cartridge being 
devised to suit the rifle. A cartridge containing the means of its own ignition, is by no means a 
recent contrivance. The noedle-gun cartridge has been in use for many years, and though not 
metallic it contains its own ignition. But the metallic cartridge for weapons of war was flrst largely 
adopted in the American armies during the rebellion, and was the parent of many inventions in 
bro«s;h-loailing small arms, both in Europe and America. 

The cartridge of the Prussian necdle-gun is peculiarly its own : made for this gun, it can only 
bo tisf^l in it or in a gun having a needle arrangement to reach the fulminate through the powder. 
It consists mainly of four parts, not encloscnl in a metallic, but a paper cover. These parts are the 
powder, the fulminating can, the c;irrier>wtul, and the bullet. The latter is of an aooni shape, and 
weighs about an ounce, an<l the charge of pr»wder is seventy-six grains. 

Referring to Fig. 2888, the distinguishing features of this cartridge are the carrier- wad tr. and 
the cap c. The carricr-wad is formcHl of strips f»f |Hiper moulded Into the proper shape by heavy 
pressure, and its uses are as follows ; — It holds the cap c containing 
the fulminating compound, pr<Hecting it from chebical influence or 2 <^ 6 . 


other injury ; it receives the first impulse of the explosion and transmits 
it to the bullet, thereby economizing the force of the |)owdcr: it is 
compressed into the grooves of the rifling, an<l thus imparts a rotary 
motion to the bullet, which does not itsidf touch the l>arrel, and hence 



the groovtjs never get clogged with lend ; finally, it ck^anses the barrel The Needle-guo Cartridge 
at every discharge of the gun. but the frietbm is very gr»*8t. The 

wad accoraiMinies the bullet through some 50 or 60 yils. of its flight, and about 20 yds, from 
the gun it strikes a target about 3 nr 4 in. below the bullet -mark, and at this distance will pierce 
a pine lioard of over half an inch in thickness, so that, at short range, the gun may be said to 
carry two projectiles. This, however, nuiy not always be an advantage, as in the case^f firing 
over a lino of troops at some distance fii front, the wad might kill or wound a friend instead of 
a foe. The fulminate of the n<'e<lle-gun cartridge was at one time believed to be kept a 8(*cret, 
but it IS now generally known to consist of a mixture of chlorate of potash, antimony, and 
sulphur, in the proportions of five to thrive, to two of the respective chemicals. As already stak'd, 
the cartridge is enveloped in a paper case; this case is almost, if not entirely, consumed by the 
combustion of the powder, and to ensun^ its complete consumption a ciTtain amount of air is 
provided for by the air-chamber or cavity surrounding the fore part of the needle-guide, hence 
then* IS no empty cartridge to take out of the gun before reloading. The ignition of the powder 
from the front is, however, the great feature in the ueedle-gun, as by this means it is all consumed 
and rendered efifoctive. 


The prooess of making Bethel Burton's bottle-uecked cartridge from solid brass or copper is 
illustratoil by Figs. 2887 to 2802. A is a blank cut fn>m a sheet of metal ui a double-action press: 
while the blank is in the press a second punch draws it into the form B by forcing it through a die. 
B is then taken to a single-action press. In which it is again drawn and made to assume the forms 
0, l>. The case is then cut ki a length E by what is calleti a cutting-off machine. It is then put 
into another machine, termed a hesdor, which forms the flange or base, as seen in Figs. 2892 to 
2899 : a cup is then formed in the head or base. The next process is to turn the bottom of this 
cup J in, to form an anvil on which the fulminate L / is placed and exploded. The boles marked 
in Fl^. 2^1, through which the fire passes to the powder, are then punchcxl in another machine, 
A lining F' is then placed on the inside base of the cartridge, this is inkmded to strengthen the 
base and to prevent the foiee of the explosion from rupturing the cartridge. 

The cartridge case is then taken to a tapering press in which it receives the form G, Fig. 2895, 
The. necking process Is then performed, and the shape H, Fig. 2896, produced, K, Fig. 2901, is a 
section thiongh the base, and 1, Fig. 2898, a section through tlie (bridge, when complete. It 
must be observed tliat each prooess is performed after the case has been annealed. 

M \ . M .. v O 


Bee Boilxr. 

• FIRE-BRlDGIli. Fn,, Poa* cAmi/c ; G«R., ; 8 pa »., Directrix de fuegos. 

Bee BoikXR. Onmianr. Loooiiotsvx Ekoine. Marikk Enoink. 

FIRE-CLAY. Fe,, ArgUi rr/r(icta«#v ; Oer,, Feucr/ffster Thon; Ital., Argitta apim; Span., 
Ticrra i 

— is a kind of clay chiefly pure silicate of alumina, capable of sustaining intense heat 
^d hence used in making fire-bricks. 
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CSltMW 

KMlln. 

I1re*cUy. 

Plpe*d«jr. 

Sihoa •• •• 

50*8 

64*1 

68*7 

Alamina 

83*7 

231 


Water .. .. 

11*2 

10*0 

12*1 

Oxide of iron 

1*8 

1*8 

1*4 

Lillie .. .. 

•• 

•• 

■mi 


Potash, eoda. 


Chinew | 
KeM>Iiu. ! 

SUmrMdge 

Ftre-olsjr. 

npe-ctiiy. 

0*8 

0*9 


1*9 

•• 

•• 

99*9 

99*9 

99*0 


See FocTKDiNa and Gabtino. Porcelain. Terra Cotta. 

FIB&ENGIKIl Fr., Pmpea itMendU; Gib., Feuertpntt$; Ital., Tromba da inoendio; 

Bomba de inomdiot, 

MorrywoathoromiSon^^EBmd'p^ Uro-ongine, Figs. 2908, 2901.— This engine is fitted with gnn- 
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tootion-pidCdiy to wbioli floxiblo snotion^lioiefl are attaoli^d, and ia pfOTidad idih ft stOp-TalTo so that 
water can be pumped out of its own oistem when required. The larger engines i^ve two outlets, 
•0 that two streams may be thrown at once ; the delivery-piece has an air-vessel attached to it. The 
works are fitted in hard wood, and occasionally in metal, cisterns, and are worked by a shaft and 
oross-levers, to which are attached the working levers for the men, these being arrange so as to fold 
up when travelling, and to extend out when tne men are at work* Above the works is a strong box, 
which contains the hose and apparatus, and on which the firemen ride. At each side of the oistem ia 
a pocket to contain the suction-hoses. The en^e is mounted on high wheels and springs, and is fitted 
with a fore-locking^carriage, which is provide with a pole for horses and drag-handle for 
FlBBi-ESCAPE. Fa., Appareil de sauvetage ; Geb., Jtetiungsapparat, 

The Fire^e^pe was invented by a very talented artiM named WyvalL Merryweather and Sons* 
fira-esoape. Figs. 2905, 2906, has a strong main-ladder with a sail-cloth trough at the back for 
sliding down m safety, and this trough is protected either by copper gauze 
or netting: it has a turnover ladder simply worked bv levers and ropes, and 
an extra piece to attach so as to reach higher windows. All the ladders 
are kept as light as p^ible for easy transit, and are bound 
back and front with wire-rope sunk in so as to gain strength. 2905 . 

The carriage part ia on high wheels and springs, so as to be ^ 
readily movea about by two or throe men. Those fire- 
esoapM reach from 48 ft. to 60 ft. high. 

FLANGE. Fb., Bourrelet^ Collet / GxB., Flantsche, / 

Band; Ital., CoBtola; Span., Pestaha, /n J 

Eee V^HKKLs / Jf # 

FLAX MACHINERY. Fr.. Machine a filer / // ar f 
Xe Xin ; Gkb., Maschinen zwn Spinnen des Flachsea ; / M,, / 

Ital., Macchine da lavorar %l lino ; 8pak., / / 

Maquinaria para preparar lino, / JJ\SM j 

The processes of cultivating and retting / / 

flax seems to have been similiir in all / M / 
countries, and steeping or dew-retting / Mf ’ M / 
was the prevailing method of nrepa- / 
ration. Borne years ago artincial / ^ / 

methods were introduceef to super- / / 

sedo this natural process of ret- / if ' 
ting ; but their success has only / J [ W / 

been partial, and in the chief / J ,W / j 
flax-producing countries the / l[ j S / / 

natural system prevatla. / / / 

The stalks with the roots / // / // 

are pulled and set up in / Ilf W J/f I 
bunales to dry: tne / /// m /// I 

seed is then stripped / ///, /// // 

off. The retting / flj ^ f/f j 

consists in steep- / fj/ M/. f // 

ing the stalks / /] /; W/ff // 

in partially- / //Jf m/ff // 

!S“' / // 




Ihf ftbont three weeks, during which time a fermentation takes plftoo. The flftx fl^ 
bark or rind of the flax plimt, of which the interior or core is a semi-wooden substanoe 
boom, the object of retting is paHially to dooompose this woody substance, so that it beooM bmue 
when dry ; and the formentation should not be oontinuetl so long as to injure the strength iff the 
fibre, bin long enough to loosen the gum which causes the bark to adhere to the woody 
^The process werefore requires great care and experience, for either too much or too little retting 
Is demmental to the fibre. When thoroughly dried, tho flax is ready to bo broken, which is done 
^y pissing it in small bunches through pairs of fluted rollers: thsae break the woody core into 
short kn^hs^ and also partly split m bark. 
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The next operation ia chlled icvAcking. which in moat i!ax«piodiioin|^ ooimtriea ia atill done by 
hand in preference to mill-eoutohing. In hand-aoutohingr, a bundle of the broken flax is suspendea 
alternately at each end and stmck with a wooden beater, by which the broken pieces of the core 
or boom are dusted out from between the fibrea. This operation requires considerable dexterity. 

The next process is to heokie the flax, which was fbmerly done by hand by the flax-dressers. 
The heckle is a board set doseW with pins about 4 in. long, which are ground to a fine tapering 
point ; this board ia fixed with the points of the pins npwM^ and the bundles of flax are drawn 
over the pins until the flax is sufSciently split. Other heckles of Tarying degrees of fineness are 
also used, partly to bring up the fibres to the requisite degree of fineness, but chiefly to clear out 
the short loose fibres or tow which were split off in the first heckling. The dressed flax was sold 
in this state under the name of lint, for spinninsr by hand, which was formerly a common domestic 
occupation both of rich and poor. 

In the early application of machinery to preparing and spinning flax, the fibres were drawn 
between two pairs of rollers, the first called the receiving rollers and the other pair the drawing 
rollers, the two pairs of rollers being placed at varying distances apart, according to the length of 
fibre to be operated upon. The drawing rollers ran at from five to ten times the surface speed of 
the receiving rollers, so as to elongate the sliver or bundle of fibres. Subsequently a series of travel- 
ling gills was introduced between the receiving and drawing rollers, these being a succession of 
small transverse combs, called gills, travelling continuously forwards in the longitudinal direction 
of the fibres about 5 per cent, faster than the surface speed of the receiving rollers. This proved a 
step in the right direction, and was followed by the introduction of spinning frames similar to those 
employed in spinning cotton, but with the modifications rendered necessary by the difference in 
the material to be spun ; the chief feature in the flax machinery being the great difference in the 
distance between the receiving and the drawing rollers, which amounts to as much as 20 to 24 in. 
distance in the case of Hax, instead of at most only a few inches in the case of drawing cotton, on 
account of the great difference between the length of fibre in the two materials. 

The flax was at first kef>t quite dry in the spinning process ; but a mode of damping the yam 
by means of a piece of wet cloth held in contact with the drawing roller was afterwards cmployiHl, 
which had the effect of laying the loose ends of the fibres in the same manner as is done by wet- 
ting the fingers in hand-spinning. But the great exjiausion that has taken place in the flax tra«le 
isdue to the principle of wet spinning introduced by Mr. Kay ; the flax rovings being first put into 
warm water and allowed to stand until fermentation took place, by which the flax was macerated 
and brought into a state bordering on putrefaction. This was found to Ihj a dan^uons process, for 
if continued too long the strength of the fibre was destroyed. Hubsix]nent experience showcMl that 
it was only necessary to pass the rovings through hot water in onler to attain a better result, and 
that DO maceration was requisite. It is only the natural gum contained in the flax fibres that 
requires to be dissolved or softened, in order to allow them to \)g drawn asunder; and the slimy 
nature of the rovings when wet allows this to be done to almost any extent. When spun dry by 
machinery, No. 40 yam was about the maximum degree of fineness attaiuM, in which the butullo 
of 00,000 yds. length weighs 5 lbs., and this size of yam is suitalde for ordinary linen cloth ; but 
now % the improved process of wet spinning, Kos. 300 to 400 are ordinarily attained, in which sizim 
of yam the bundle of 00,000 yds, length weighs only 4 and ^ Ib. resjHJctivoly. The bundle of flax 
yam consists of 200 leas or banks of 300 yds. each, making altogether 00.000 yels. length ; and tho 
Nos. are marks indicating the sizes of the^ yam in inverse; proportion to the weight of tho bundle, 
as in the following Table, the unit being No. 200 weighing 1 lb. 


No. 10 yam weighs 20 lbs. a bundle. 

No. 200 yam weighs 1 Ib. a bundle. 

No. 20 

ft 

10 11)8. 

ft 

No. 300 

ft 

1 Jb. 

No. 40 


5 lbs. 

tt 

No. 400 

tt 

1 «»r i Ib. „ 

No. 60 

ft 

41U, 

ft 

No. 500 


If lb. 

No. 100 

tf 

2 lbs. 

ft 

No. 1000 

tf 

\ Ib. 

No. 200 

ft 

lib. 

♦» 

No. 1200 

t» 

or i Ib. „ 


The whole of this advantage indeed is cot due to the principle of wetting the roving, hut many 
iraproyements in the preparation have contributed to the attaimueut of tliis result. One of the 
coiKiitions of spinning flax wet is to bring the receiving and drawing YoUers within a few inches 
of each other, and thus reduce the length operated ufsm of the fibre of the flax to the distance 
between the bite of the receiving and drawing rollers. Yet notwithstanding all the inipmvements 
of machinery, band-spinning still produces a yam of three tirmai the fineness liitherto attained by 
the finest machine ; for while Nos, 300 to 400 are the finest pnaluced by the machines, th(; hand- 
spinner produces yam from Nos. 1000 Ui 1200, in which the bundle of 00,000 yds. length weighs 
only ^ and ^ Ib. resjsjctively. This finest kind of yarn, the value of which is eitual that of gold, 
weight for weight, is pnduced chiefly in Belgium, and is mad for making BnisiMds lace. The 
subsequent manufacture of flax after the yam is produced presents great variety, tho fabrics mnilo 
from it ranging from the roughest Dudley cambric used for nail bags to the finest lawn, and from 
the stoutest ship’s sail Uf the lightest gossamer lace. 

Since the introductifm of the principle of spinning flax wet, various metheds have l)cen adopted 
to render the fibre of the flax finer, or in other words to split it up into a greater nitmlier of fibres 
by the procejw of heckling. In order to obtain tbo finest fibre, it was found necessary to Imak or 
three lengths: the top cf the plant, the middle, and the root end. Of tlu^se the 
owing to the fibres being there most uniform in thicknews. By this plan 
of dividing the natural length of the flax into three lengths, which isdfjsignated the cut-line sysU^tn, 
a very much smaller proportion of short fibres b produ^ in the hi^okltng process than by heckling 
the fibre the full length of the plant ; and cons^uently the fibres ohu Tkj split much finer, and a 
larger proijortion of yam can bo produoed from a given quantity of flax, the degree of flneuess being 
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taken into aeooiiiit. Another eygteni ia to out the length of fibre fn half; bat this altbongh par- 
tiallv pursued is wcang in principle, as the flax is then cut in the middle or most valuable part of 
the fibre, and each length has one bad end, the tapering end of the top of the plant, and the coarse 
end of the root A third ^stem is to heckle the nax the whole length of the flbre, which is called 
the long-line system, and is the most economical for the ordinary numbers of yam that always con- 
stitute the great bulk of the manufacture. On this system a greater weight of flax can be passed 
through the heckling and preparing machinery in a given time : and a longer draft can be used at 
the spinning frame, that is the excess of surface sp^ of the drawing rollers above that of the 
receiving rollers can be made much greater than in the three-cut and two-cut systems, thei^y pro- 
ducing a greater drawing action and making a finer thread, whilst reducing also the lab<^ in 
attending to the process. The machinery used in the three-cut and two-cut systems is the same as 
in the long-line process, only that in the former it is finer in the gills and rollers and shorter in the 
reach or oistance between the pairs of rollers. For some descriptions of manufacture it is al^ 
lutely necessaiy to use the long-line process, as, for instance, in making the best kind of sail-cloth, 
which is used in the royal navy and in the finest long-voyage vessels. For this purpose the longest 
and strongest flax is selected, and prepared with the greatest care in the processes of hecklmg, 
drawing, and roving, so as to preserve tne fibres as long as possible ; and in tne spinning, which u 
done dry, very short drafts are used, that is, the excess of surface sp^ of the drawing rollers above 
that of the receiving rollers is comparatively small, so as not to break the fibre any more than can 
bo avoided. The government authorities insist upon a test of both weight and strength at the same 
time, in order to the sails both strong enough to resist the wind and also as light as possible 
for the sailors to Widle ; for as the weight of the mainsail of a first-class ship amounts to more 
than a ton, it is no easy task to handle it in a gale of wind and rain. 

The machinery at present in use for preparing the flax and spinning it into yam for weaving is 
shown in Figs. 2907 to 2925. 

Fig. 2907 represents the breaking roUexs, which are fluted iron rollers coupled together by mur- 
wheels : and both top and bottom rollers are supported in journals, so as to prevent the Antes from 
toueliiiig each other. The spaces between the teeth of the flutes arc also much wider than the 
woiking into them, so that, as the rollers revolve, the flutes never come in contact ; otherwise 
the iron would damage the fibre. The object of passing the flax between these rollers is simply to 
break the boom or woody interior of the flax. 


2907. 



After the flax has been broken between the roller, it is taken to the soutebing machine, shown 
in Figs. 2908, 2909. The scutching cylinder A rotat^ in the direction of the arrow at about 800 
revolutions a minute or 2800 ft a minute spied of circumference, and dashes out the broken boom 
against the grating D by moans of the toothed and plain projections B and C. The drawing shows 
one pair of combs B and five pairs of plain square b€»tt‘rs C C C upon the cylinder A, which are 
found to act well ; but Uio number of either may be altereii. The strick of Inokeu flax is fed into 
the machine by the attendant up to half its length ; and when the boom is thoroughly beaten out, 
it is drawn back and the other half inserted in the name way. The broken boom beaten out through 
the grating D escapes by an opening at each end of the grating. The ends of the casing ci the 
machine bmng olos^ a considerable current of air is drawn in throni^h the grating D by the rapid 
dotation of the scutching cyliuder, which is an essential feature in this operation, in carrying away 
the reftiso anddustpanapiuduotng a gentle pressure of the flax against the projecting beaters upon 
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the cylinder. The bottom of tbo casing of the scntohing machine is open, and oommnnioates with 
a due or onlrert, through which the refuse and dust are oazried away by the current of air. 

The next process is to heckle the flax, and Fig. 2910 shows an end elevation of the Heckling 
Machine. The flax is divided into small stricks, and each is held between a pair of clamps A 
called holders, made sometimes of hard wood, but latterly of steel. These are closed flrmly together 

asio. 



^ either felt or india-mbber to form a cushion for 

•omoUme. four, rix, or oight 

^ TJ? i®"’ *'■«'!««>» fl« Wig •ubmitted Itrrt to tbo Mtfam of 

•Tonga uwbictiatndi the entm fangth of tbo niMibiiie, aad alw iMoJiwta Mmo 
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enrl. 80 as 1o afford room for feeding in at one end the newly-charged holders and remoring from the 
other end those containing the heckled flax. The trough 0 receiTes a vertical motion from two 
cams D, shown by the dotted lines, mounted on the shaft E below, the weight of the trough being 
balanced by the weighted lever F. The form of the cams D is so arranged as to bring the pendent 
end of the flax gradually under the operation of the heckle^ and also to allow a slight pause when 
the trough has descended to its lowest point, as shown in Figs. 2910, 2911. so that the heckles may 
comb out the fibres straight, and effectually clear out the tow. The trougn G then rises gradually ; 
and when it has reached its highest position, as shown dotted in Fig. 2910, the row of holders A are 
pushed forwards along it, by a series of pawls mounted uj^ a bar extending the entire length of 
the trough, and acted upon by the lever G and cam H. Each strick of flax is thus carried along 
to the next gradation of heckles, and the trough 0 then again descends as before. The set screw 
I, Fig. 2910, is for the purpoM of adiusting the height of the trough A, so as to allow the holders 
to come down as near as possible to tne bite of the heckles. 

Fig. 2911 is a transverse section through the middle of the heckling machine. The sheets of 
heckles B B are made of leather straps passing round the small pulleys J J at top, and rowd the 
larger driving pulleys K K below, travelling at the rate of about 800 ft. a minute in the direction 
indicated by the arrows. The 
heckle-bars L L are of wood, at- 
tached by only one edge to the 
straps B, so that when &ey have 
post^ over the top pulleys J J 
the heckle-pins may strike into 
the pendent flax as nearly at 
right angles as possible, as seen 
at the top of Fig. 2911. The 
hcckb'S then descend in a verti- 
cal lino until they reach the lower 
pulleys K K. Theso pulleys are 
grooved nulially, and small slides 
carrying small iron rods M M are 
thrown out by the centrifugal 
force just lx»low the centre of tho 
pulleys. Tho rods M arc for tho 
pur|X)se of stripping off any tow 
or short fibres of flax which 
may have remained between the 
heckle nins after they havo 
passed through the flax : and as 
tho pulleys K revolve, the roils 
M are pushed back into Bicir 
fonner position by sliding against 
the gitides N, until they reach 
the upper side of the pulleys, 
when their weight overcomes tho 
centrifugal force; and they re- 
main drawn bock until again 
thrown oat below the centre to 
strip the tow off the heckle-pins. 

There are also a series of iron 
teeth OO attached to tho inside 
of tho leather stra|)s B, which 
act as drivers to the straixi, and 
ktH»p tho heckle-linrs L always in 
profH*r linrizontal )>osition, by en- 
suring both the stnit^ B ^ung 
driven always at the same rate and without any chance of slipping; these teeth are driven by the 
teeth of tho driving pulleys K K, and the small pulleys J J at top are also notched to receive them, 
tho inner faces of the teeth O being rounded off to the proper curve for forming part of the circle 
of tho upper pulleys J J in passing over them. 

The main diflicnlty to lie oncounteml in the heckling process has always been to obviate the 
largo amount of waste that is mailo in the o|>emtion ; and though heckling machines have been 
constructed in great variety, tho same drawlmck of excessive waste has attended each, the propor- 
tion of the dresseil lino, or finished flax after the heckling, being as small as only 40 per cent, of the 
flux put into the machine in the lower qualities of flax, but ranging in the lietter qualities from 
60 to 75 per cent. Heckling machines are also sometimes made wiUi double sots of heckles and 
holders, for the sake of ixMiuuuy of construction and working; and this may bo an advantage in 
heckling tho bcfst kinds of flax. The lower qualities, such as Egyptian and some kinds of Baltic 
flax, require the least amrmut of heckling ; wnilst the best kinds of Flemish and Irish flax, which 
are strong in the fibre, are caimble of being heckled to almost any dt^gree of fineness. 

In the next operation the dresM^ lino oir heckled flax, which has been obtained thus far in the 
form of a number of se|iarate stricks of irregular thickness and quantity, is spread and drawn into 
a continuous sliver like a ribbon, by the combined action of a senes of combs and drawing rollers. 

Fig. 2912 is a longitudinal section of the Long-lino Spreading Frame, so called because the dis- 
tance between the receiving rollom A and the drawing rollers B is made long enough to take in the 
greatest length of fibre that has to be worked on the long*>Une system. The stricks of heckled flax 
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are laid down upon the endless irayelling foed-aheet 0, which carries the flax forwards to the 
receiving K^ers A; and between these it passes on to the inclined bed of heckles or gills D, and 
then between the drawing rollers B, through the doubling plate and between the delivery 
rollers F, which deliver the continuous sliver into the can G, ready to be removed to the next pro- 
the course of tiie flax through the machine being indicated by the arrows. 





The heckle-bars or gills D are supported at each end upon the slides H, as sliown enlargid in 
Figs. 291b and 2915; and they are traversed forwards towards the drawing follers B by means of 
the upper pair of screws 1 1 revolving in one direction, and back again towards the roocivmg 



ToUers A by the lower pair of esrews J J revolving in the contrary direction, each end of the hedkle- 
bar being inserted Into a deepKmt groove in the screws 1 or J. This ennstruotion of matfliiiie la 
accordinglv known aa the screw-gill arrangement ; and previous to Its invention chains and other 
methods of propelling the heckle-ban were employed. The heoklo-ban are curried forwaida by to 
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upper eorews 1 1 tni they arrire close to the lower drawing roller Fig. 2918, when each bar in 
enooession drops down at the end of the slides H into the groove of the lower screws J J ; these are 
made with a much longer pitch of groove than the upper screws I, partly to economize the number 
of heckle-bars, and partly to ensure the bar which has just dropped into the lower screw being 
carried back sufficiently out of the way, to allow the succeeding bar ample room to drop in the same 
manner. A cam K, Fig. 2915, is pla^d at the termination of the groove in the upper screw I, so 
that if the heckle-bar should h^pen not to drop by its own weight into the lower screw, the cam K 
will force it down, as shown in fig. 2916. The heckle-bars are then carried back by the lower screw 
towards the reoeiving rollers A ; and on each bar arriving close to the lower receiving roller, a 



cam L, Fig. 2915, at the end of the lower screw 
raises the bar into the groove of the umier 
screw, as shown in Fig. 2917, when the he«cklo- 
pins penetrate the flax, and the heckle-bar 
negins to travel forwards again towards the 
drawing rollers. The lifting cams L are con- 
tinued through about one-third of the whole 
circle, so as to support the heckle-bar on a level 
with the slide H, until the screw I carries it a 
short distance along the slide, and thus to pre- 
vent it from dropping down again into the lower 
screw, which was a serious defect in the earlier 
•crew-gills. 

The screw-gills employed in the further process of preparing the flax for spinning are precisely 
the same in principle as those now described, only varying in their degrees of Aeneas. The 
svstem of screw-gill machinery shown in the drawings is called the long-line system, because by it 
the tlax is work(*d the natural length of the fibre , and the machinery used for the cut-line and 
tow is just the same in principle, only shorter and finer to suit the length and fineness of the flax 
or tow operated up(m. 

The reoeiving rollers A, Fig. 2913, travel at a surface speed of about 5 ft. a minute, and the 
heokle-bars about 5 per cent, faster so as to hold the flax in a slight tension. The surface speed 
of iho drawing rollers B is from fifteen to thirty times greater tl^ the speed of the heckles, or 
from 70 to 140 ft. a minute : oonsequently the fibres are combed or drawn between the pins, and 
the length of sliver delivered into the cau G is elongated to about fifteen to thirty times the length 
taken in by the reoeiving rollers A. One object of this operation is to lay the fibres pmllel to 
one another, and also to prevent the long fibres from carrying the short fibres along with them, 
and thus making an uneven sliver, which must produce uneven yam. The upper of tho drawing 
rollers B is made of wood, and is heavily pressed down by tho links, levers, and weights M. 

The flax is delivered from the drawing rollers B in a continuous sliver of ribbon-like term, from 
4 to 5 in. wide, and four of such slivers are drawn by the machine, as shown in Figs. 2914, Swl5 ' 
these are then passed through the doubling plate E, and all four are rolled together into a smgle 
sliver of tho same width by passing through tho single pair of delivery rollers P . The doubling 
plate £, shown in plan in Fig. 2914, has openings opposite each pair of <irawing rollers at an angle 
of 45®, through which tho slivers arc passed, whereoy they are made to travel first at right angles 
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to the line of delivery from the arawinp; rollers, and are afterwards turned again into the same 
direction towards the delivery rollers F, which deliver the final single sliver into the can O, 
Fig. 2912. 

The next operation is to re-draw and double again the sliver delivered &om the long-line spread- 
ing frame : and Fig 2918 shows the second Long-line Drawing Frame. A number of cans G, 
generally eight, containing the slivers delivered from the spreading frame, are placed behind this 
drawing frame, whence the sliver pass^ over a high conductor N, in order to allow a considerable 
length to hang pendent, and thus straighten out the creases made by pressing it down in the can 
G. The sliver then pam to the receiving rollers A, which are three in number, the object being 



to hold the sliver firmly, and not allow the gills or heckles D to draw it beyond the surface speed 
of the rollers, which is about 6 ft. a minute. The further operation of this machine is proctseW 
the same as tnat of the spreading frame, the eight slivers being combed and drawn by the gills D 
and drawing rollers B, and then doublea ^ pacing through the doubling plate K, and rolled into 
a single sliver by the delivery rollers F. The gills D, however, are finer and the rollers smaller 
than in the spre^ing frame. The speed of the gills is about (4 minute, and the surface spee<l 
of the drawing rollers B and delivery rollers F about 130 ft a minute ; and the length of the sliver 
delivered by the rollers F is consequently elongated to about twenty times the length taken in by 
the receiving rollers A. 

The slivers from this machine are then taken to a third drawing frame, of precisely the same 
oonstruotion, but with still finer plls and smaller rollers ; by this means the sliver is fiirtber elon- 
gated about fifteen times, the object being to reduce it in width and thickness. Fronsi this third 
drawing frame the slivers are then taken to the roving ^me. 

Figs. 2919 to 2922 represent what is Iniown as the 8crow-gill Regulating Roving Frame, in 
which the delicate sliver of flax that has been produced by the previous processes is still further 
comberl and drawn by gills and drawing rollers, and is then twisted into a roving and wound upon 
a bobbin. 

This machine as a whole is perhaps the most complicated one used in spinning any kind of 
material, and lias taken many years to bring it to the present state of [>oifection. The lower 
or regulating portion of the frame, by which the sfioed of winding the roving upon the bobbin is 
regulated according to the gradually increasing diameter of the l^bbin, is similar to that used in 
the cotton nmnufacture, where this system of machine was first introduced ; but when so mueli 
of the machine as is used in the cotton manufacture is added to the screw-gill machinery, the 
two make what ma^ be oemsidered the most ingenious and perfect machine usecl in textile manu- 
lacture, and peat mgenuify has been applied to overcome the numerous obstacles met with In 
perfecting this machine. The screw-gill part A, Figs. 2919, 2920, is precisely the same as in the 
drawing frame last mentioned, only so much finer; for here the sliver is reduced t*> the smallest 
Bise previous io receiving the twist which changes it into a roving. The spe^ of the gills is 
atsmt G ft. a minute, and the surface speed of the drawing rollers B about 90 ft. a minute, whiafeby ' 
the sliver m finally elongated about fifteen times. 
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The ipeciftl part of the toTiofc frame, independent of the screw-gills and drawing rollers, is the 
regulating pc^ion, situated in the lower part of the machine, which takes up the sliver as deli- 
vered by the drawing rollers, and after putting in the twist winds it utou a bobbin with a uniform 
but slight tension, not sufiScient to elongate the delicate roving : and as each successive coil pre- 
sents a larger diameter than the preceding, the speed of the bobbin has to be regulated or gradually 
increased for winding the roving, which is delivered at a uniform rate from the drawing rollers. 

2919. 



The bobbin-spindles ,C.C, Figs. 2919, 2920, carrying the fliers D D, are driven at a uniform 
, Dod from the driving piUlcy upon the end of the main longitudinal driving shaft £, through a 
train of spur-wbcMils driving the skew-bevel wheels at the bottom of the spindles C. The screw- 
gills A and drawing rollers B arc also driven at a uniform 8{)ecd by means of a change pinion on 
the end of tho driving shaft hi, through the intermediate wheel F working into the wheel G on 
the end of the top cone shaft H. Tho lower oono K, Figs. 2921, 2922, receives its motion from the 
upper cone E through a strap Ij, which is made to travel longitudinally along the cones by means 
01 a ebai i M passing over a pulley, with a weight hung at tho end sufllcioht to draw the strap- 
guide along two slide-rods that extend the length of the cones, or about 2} ft. The speid of the 
lower cone is thus varied acoording to the diameters of the cones at the point where the strap may 
be working. The advance of the strap-guide is govcrm^l bv an escapement motion acted upon at 
each vertical reciprocation of the bobbin-lifter N. The bobbins O O run loose upon the bobbin- 
spindles C, and are themselves driven in the same direction os the spindles C, throngh the inter- 
vention of the regulating gearing and the skew-bovel wheels carriwl by the bobbin-lifter N. 

Upon the driving shaft K is keyed a mitre-wheel I, Fig. 2922, which drives two mitre-wh^ls 
mounted in tho disc of the spor-whod P; and these again drive another mitre-wheel J running 
loose upon tho driving shaft K. A spur-wheel R upon the boss of tho last mitre-wheel J drives 
the train of spur-wheels indicated by the dotted lines in Fig. 2921 ; these are moimted on the jointed 
rocking frame B, Fig. 2920, and communicate motion to Uie longitudinal shafts in the Mbin-lifter 
K, which carry the skew-bevel wheels that gear into the bobbin-pinions. The bobbins 0 O are 
thus caused to revolve In the same direction as ihoir spindlDs 0, but at a somewhat sloww speed. 
If the disc-wheel P were not allowed to rotate at all, tlie bobbins O would be driven, like their 
spindles, at one uniform speed ; and if tho disc- wheel P were driven at the same speed as the 
driving shaft £, no motion whatever wonld be oommunioated to the train of wheels which dnves 
the bobbins O ; tberefore by regulating the motion of this wheel P any required speed can be com- 

5 n 
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munioaied to the bobbins. A pinion on the shaft of the lower eone K gears into a train of spiir> 
wheels and pinions, so as eonsiderably to reduce the speed at the pinion T, wiiioh gears into the 
diso>wheel F, thereby governing this wheel in accordance with the speed imparted to the lower 
cone. The rotation of mitre-wheel I, keved upon the driving shaft, has a tendency to drive the 
disc-wheel P at a oonsiderable speed, so that the lower cone K is required to retm instead of 
actually driving it (See Fig. 2189.) 


sm 



When the end of the roving is threaded through the flier D, and then attached to the bobbin- 
shank O, Fig. 2920, the flier Mng flxed upon the ^indle 0 will first put the twist into the roving, 
iMXiording to the number of revolutions, generally nom 1} to 2, which the spindle makes for eadb 
inch of sliver delivered ^ the drawing rollers B. Then the speed of the bobbin must be so much 
slower than that of the flier as to enable the flier its greater speed to coil upon the bobbin the 
length of roving d^lvered by the drawing rollers. 'I^en one coil of roving has oeen laid upon the 
shank of the bobbin, its diameter is increased by double the thi<toets of the roving : and therefore 
before the next coil is wound on, the speed of the bobbin must be increased in proportion to the 
increased diameter. This is effected by each ascending and desoendiiig motion of the WbUn-lilter 
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N relesfling & pawl, which albws the strap L to be drawn along the cones H and K to a different 
diameter, and thereby varies the speed of the pinion T gearing into the spur-wheel P. By this 
means the roving is wound upon the bobbin with an equal amount of tension, and consequently a 
uniform thickness, throughout the entire len^h wound. The different thicknesses of the roving, 
and consequently varying diameter of the bobbin when the coil is made with a thicker or thinner 
roving, are allowed for by the fineness of the teeth in the ratchet-wheel of the escapement appa- 
ratus. The bobbin-lifter N is counterbalanced by the weight U, Fig. 2920, and the vertical 
reciprocating motion is given to it by means of a mangle-wheel with pinion and rack Y, driven 
from the lower cone ^ so as to impart a gradually decreasing speed to the reciprocating motion 
of the bobbin-lifter, in accordance with the increasing diameter of the bobbin as the roving is 
wound upon it. These variations in speed can be so nicely adjusted that the bobbin will take up 
the whole length of the roving wound upon it, amounting to several hundred yards, without any 
perceptible difference in tension between the first coil and the last. 



Pi^s. 2923, 2924, represent a section of a Tow Carding Machine. The tow frequently contains 
a considerable quantity of dirt and boom that has been left in the fiax by the scutching machine. 
This is principally removed from the dressed line in the heckling process,* but is thrown down with 
the tow or shorter fibres of flax which are combed out by the heckles. The tow carding machine is 
intended to separate the dirt and boom from the tow, and deliver the fibre in an even sliver ready 
for the drawing frame. 

The large <»uding cylinder A, Figs. 2923, 2924, is 2 ft. 7} in. diameter, and is made of oast iron, 
and covered with be^-lagging set with finely ground and hardened sted teeth. The tow is laid 
upon an endless feed-sheet B, which carries it forward to the feed-roller G. Under the feed-roller 
is a cast-iron shell, the upp^ edge of which is carried up into the angle formed by the carding 
evlinder and the fera-roller ; and as the tow is slowly carried forwards by the feed-roller at a rate of 
atx)ut 2 ft. a minute, it is caught by the teeth of the carding cylinder A, which runs at about 
3(K) revolutions a minute or 2500 ft. a minute speed of circumference. The teeth of the cylinder A 
throw the tow against the worker D, which is a slowly revolving roller, running at a surface speed 
of only about 100 ft a minute, and covered with needle-pointed teeth set in strong leather. The 
teeth have a keen bend, as shown enlarged in Fig. 2924, and carry the tow round towards the iron 
l>ar E, the upper edge of which is polished. The tow is tlicn caught by the stripper F, which is 
cloth^ in a similar manner to the carding cylinder A, and runs much quicker than the worker D 
but slower than the cylinder A, having a surface speed of about 1500 ft. a minute. The teeth of 
the caidin„' cylinder then strip the tow from the tetdli of the stripper F, and carry it forwards to a 
second pair of workers and dippers of exactly similar construction to the first, whore the same 
operation is repeated for further cleansing and combing the tow. 

The carding cylinder next carries the tow forwards to the doffer G, which is clothed with toely 
ground wire teeth set in leather, and moves very slowly at a surface speed of only 150 ft. a minute. 
The tow is combed off the doffer by a comb I, Jig. 2924, carried uj)oi 5 an oscillating arm worked by 
the crank-shaft J, and it nassos forwards to the feed-roller H provided with an e<lge-plaie or sliell 
similar to the first feed-roller 0, and running at the same surface speed ns the doffer G, feeding the 
tow again on to the carding cylinder A, As the speed of the c^ing cylindtnr is so very much 
greater than that of the doffer and feed-roller, a furtnor combing action takes place unon the tow, 
by the teeth of the carding cylinder combing out the fibres, which are partinlly held between the 
teeth of the slow-moving doffer and of the feed-roller. The carding cylinder tlion carries tlie tow 
forwards to the second and third doffera K and L, where the final combing of the fibre takes pl^ ; 
and from these doffera the tow is comljcd off as before by the combs 1 1, where it is divided into 
three slivers, and passed forwards to the two pairs of rollers M and N, in connection with which 
is a doubling plate provided with angular openings, as previously described in the spreading f^me. 
The last pair of rollers N N deliver the slivers of h>w into (*an8 ready to be taken away to the draw- 
ing and rovi^ frames. It is usual to place a gill drawing apparatus in connection with the caraing 
maohins^soM to perfom the first drawing opmtion at the same time, iinmodiately upon thesusers 
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of tow being deli?ered from the last pair of rollon N N ; and this arrangement has been adopted as 
an improvement 



The aeiion of the teeth npon the tow in the carding machine onght tobeof a combing oharaotar, 
and in order to get this action ^he tow requires to be held up to the points of the teeth^ which is 
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•fTiioted !n tho improTed carding machine ahovn in the drawings ^ means of the edge-plates E E, 
Figs. 2923, 2924, inserted between the workers and strippers. The tow aocnmt^tes upon the 
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oaosittg an amonni of friction in the paa^e of the tow, and enabling the stripper by its quicker 
motion to comb out the fibres. In the ordinary carding machines, without those edge-plates between 
the workers and strippers, the tow is plucked in patches from the worker by the stripper, sometimes 
in such quantities as to roll up the tow, and in uiis state it is carried back to the carding cylinder, 
thus breaking the fibre and making uneven work. Carding machines have for a long time been 
made with cpinders as much as 5 ft. diameter, and a considerable number of pairs of workers and 
strippers, say from six to eight or even nine pairs ; but in these the work produced is in no way 



superior, and a much larger amount of waste Is made and more power used. Wooden guards P F, 
Fig. 2929, are fixed in duTerent positions round the circumference of the carding cylinder, far the 
purpose of directing the enrrents of air caused by the rotation of the cylinder so as to disturb the tow 
as little as possible iu its passi^ between the j^nts of the teeth of the several rollers running in 
contact with the carding cylinder, in order thereby to avoid waste and imperfect work. The tem 
of the doffers O, K, and L, are clean by the brushes B B driven in the opposite direction. 

The after prooesses of drawing and roving the low slivers as deUveredlhimlheiwidlnginacdiitte 
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aro preoiaelT similar to those in the long-line preparation already described, the drawing and roving 
frames for the tow being adapted to the shorter fibre to be work^. Several kinds ot gills have been 
introduced for preparing tow, but none have proved an improvement upon the screw-gill, which is 
now almost universally used in fiax machinery. The process of combing tow by a combing machine, 
after carding it, is carried on bv two or three eminent spinners, but the cost is out of all proportion 
to the quality of yam produced ; and the tow thus prepared is only used for making sewing thread, 
to which it has been successfully adapted. 

The last process in the manufacture of yam Is the spinning ; and in Fig. 2925 is shown a trans- 
verse section of a wet spinning frame. 

The cylinder A drives the spindles B, which carry the fliers for spinning the vam, at a uniform 
speed of from 2000 to 4000 revolutions a minute, the speed being adjusted according to the weight 
and onalitv of yam produced. G are the receiving rollers, and D the drawing rollers, which are 
called the back and front pair of rollers respectively ; and the difierence of speed is usually from 
eight to ton times, thus drawing out the roving to a^ut of its size. The upper roller of each 
pair 18 pressed against the lower by the saddle and weighted lever £. The hot-water trough F 
through which the roving pas^s is placed with its edge as near as practicable to the bite the 
receiving rollers G. The TObblns G from which the roving is supplied are placed alcove, and the 
roving is held down in the water by strips of wood 1 1 faced with sheet brass. A splaslihoard H ia 
fixed in front of the spmning frame, to prevent the spray from the wet yarn being thrown upon the 
attendants. 

The lower of the two drawing rollers D is driven by a train of wheels from the main driving 
shaft A at a uniform speed of from 100 to 200 ft. a minute of the circumference, so that the fliers 
make from 20 to 40 revolutions for each foot ot yarn delivered by the drawing rollers; and this 
additional amount of twist put into the wet sliver converts the delicate roving into a strong yam. 
The yam bobbin is loose upon the spindle B ; and as the length of yam given ont by the drawing 
rollers is very much less than the length which the flier would wind upon the bobbin if the latter 
were stationary, the bobbin is kimply dragged round by the flier in the same direction as the 
spindle B, without requiring any regulating gearing lor driving the bobbin as in the case of the 
roving frame, since the yam is too strong to bo elongated or injured by the tension necessary to dr^ 
the bobbin round. In order to keep sufficient tension uix)q the yam whilst winding upon the 
bobbin, so as to prevent snarls in the thread, a cord is pressed against a groove in the bottom flange 
of the bobbin, the friction of which retards the bobbin and produces the required tension upon the 
vara : one end of this cord is fastened to the inner edge of the bobbin-lifter J, and the other end 
hanira pendent with a weight through a notch in the outer edge of the bobbin-lifter, which is 
notenea alon^ its entire length ; thus the amount ot friction upon the bobbin can be varied as 
desired by shifting the cord into a different notch, thereby varying the length ot the arc of contact 
of the oord with the bobbin-flange. The bobbin-lifter J is raised and lowered at a uniform rate by 
the lever K worked by the cam L, which is driven from the main driving shaft A. 

The important point in a spinning frame is to have good rollers The receiving rollers G and 
the lower of the drawing rollers D are made of hard brass, and all three are very carefully fluted 
longitudinally with flutes that have a round top and bottom, so that the roving as it passes 
through the receiving rollers not be unevenly crushed, which would cause the fibre to break 
down in the drawing process. The drawing rollers D have the upper or pressing roller made of 
eoft material, usually boxwood, but the warm water used in the process is very destructive to the 
wood : gutta-percha also has long been tried, but it not well purified from sand or earthy matter it 
is apt to wear away the brass roller. 

the paper of Thos. Greenwood, printed in the Proceedings of the Inst of M. £. (1865). 

Hoe Bbaks. Cotton Machineby. Uearino. 


FLOAT WATER-WHEELS. Fr., Jioue a auber, Geb., Schanfelrad, 

Before entering upon the examination of this subject, it is necessary to indicate the meaning 
of the letters that we employ in our calculations and investigations. Thus we have, 

H s lotal fall of the water. This fall, when it is taken to measure tho entire force of the 
current, is tho difference of level between the fluid surfaces of the upper and lower 
reaches. But for hydraulic wheels, it is reckoned from the upper level, or that of the 
reservoir, to the lowest point of tho wheel, as this point may be lowered to the level of 
the lower reach, when this level is constant 

Y = Velocity of the fluid on its arrival at the point of the wheel upon which it exerts its action. 

V s Velocity of the wheel at the centre of percussion of the fluid. The distance ot this oeutre 

from the axis of rotation is the dynamic radius of the wheel. 

A s That portion of the fall comprised between the level of the reservoir and this same centre. 
It will be the height due to V, if this velocity experiences no loss between the reservoir 
and its arrival at the wheel. 

V* 

A| s Height really due to V ; thus, A, s • 

Wo shall make A, as. A (1 — /*}, m being a quantity connected with the before- 
mentioned losses. 

h* =: Height due to the velocity v; ^ • 

A*' ss Height due to the velocity V — t; A" ss — ^ * 

P SB Weight of water furnished in 1" by the motive ounent 
Q =s Volume of this same water, P =s 62*45 Q. 
it as Effort exerted by the motor upon the wheel. 

p ss Wei ght mpnwmitlTig tho ium of all the roaistauoeB which the motor has to overcome. 
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E 3 Dynamic effect produced by the wheel, or the force impressed upon it by the motor. 
E =pc. 

n 3 Batioof the real to the theoretic effect, or to the impressed force deduced from calculation. 


m 3 Batio of the real effect to the force of the motor ; m 


JEJL 

PH* 


We are to treat here of what are strictly termed fioat^wheela. They are the most simple of 
wheeis, and such as were formerly almost wholly in use ; they are still in frequent use, principally 
on small falls, those below 5 ft. 

Such a wheel, Figs. 2926, 2927, consists, 1st, of a revolving shaft ; 2nd, of two rims or shroudings, 
and even of three in very largo wheels ; of arms, which connect each rim to the arbor, and 
which are arranged in different ways, as we see by the figures ; 4th, of supports, strong wooden pins, 
imbedded and held fast upon the shroudings; 5th, of floats nailed or TOltod upon the supports; 
6th, and quite often of counter-floats or plaxiks fixed flat against the rims, and enclosing a part of 
the interml between the floats. 


8926. 2927. 




The motive water is led to the wheel by a water-course whose sides nearly touch the floats, 
leaving them only the play necessary for motion. It is delivered to the course through a gate-way, 
whose board is raised to a greater or less height, as wo wish to deliver more or loss water. 

In the first place we wall make some observations upon the best disposition, and upon tho 
principal dimensions to be given to parts which have an immediate influence upon the effect of tho 
machine, to wit, the sluice, the course, and tho floats. 

The fluid mass, on its issuing from the gate, experiences a contraction ; then dilating, it moots 
the sides of tiie water-course and follows them. Even should it have, when at the section of greatest 
oontraction, a velocity due to the height of the reservoir, yet a notable portion is afterwards lost by 
the effect of this dilation, and that of the friction against tho course, if it has any length ; so that 
quite often it arrives at the floats with only three-quarters of this velocity. We prevent this loss 
of velocity, and oonsequontly of force, 1st, by establishing the gate as near as possiblo to the wheel ; 
we thus render the remstanoe of the course nearly insensible ; 2nd, by dis|)osing the sluice so as to 
reduce the contraction as much as may be ; for this purpose, wc prolong its bottom and lateral sides 
(above the opening) into the bottom and sides of the water-course ; and wo widen its entrance, or 
that of the canal which precedes it, so that the horizontal section of this entrance mav have the 
form represented by Fig. 561 ; Sid, we incline the gato-board and all the front part of tho gate- 
way; Hus inclination amounts to carrying the orifice nearer the floats, and nearly approaches tho 
openings of pvramidal troughs, where the oontraction is almost nothing. Experiments made by 
M. Poncelet place beyond a doubt the good effect of this inclination ; a gfite inclin^ 6S^ to the horizon 
(1 base to 2 height), gave him 0*75 for the coefficient of oontractioD, and he hod 0 * 80 with an angle of 
45° (1 base to 1 height) ; an upright gate, in the same circumstances, gave almut 0 * 70. By dispwing 
his duices in the manner above indicated, this phUosopber aocomjplished tho end of bringing the 
motive current upon tho floats of the wheel witn a velocity but little differing from that duo tf> 
the height of the reservoir; it is true that the opening of the gate was great, ana tho diminution of 
the vel^ity is as much the leas as the opening is more considerable. If, without loss of fall, we 
m^ht direct the water immediately nytm the floaty in causing it to issue through an orifice In a 
thin pla^ or through a pyramidal trough, tho velocity would experience only a few hundredths of 
diminution. 

Immediately past the gate, the water-course is directed, with a elis^t inclination, towards the 
wheel ; it passes beneath, and then continues in a rij^ht line, Fig. 2926. Its size is determined by 
the volume of water which it is to conduct ; the thickness of tne fluid sheet in the water-course 
(supposing for an instant the wheel to be raised up) should never be above 0*8^ ft. nor below 
0*49 ft. if it were less, the quantity of water escaping between the flooring and w lower edges 
of the floats, without exerting any action upon them, would be proportionally too great ; and tho 
force of its current would be notdbly diminished. That this diminution mav be as slight as possible, 

we should not give to the space necessary to be left between the sides of tne water-course and the 

edges of the floats more than from *0328 to *0656 It. 

If ever so little attention is given to careful oonstniotions, we do not make the water^unes 
entirely rectilinear. Their bottm or flooring should arrive at the level of the lower edge of the 
second float above the verUoal diameter ; there it curves ooneentrie with the wheel, as far as the 
plumb line of this diameter; then it (ails suddenly a decimetre (*828 ft.) at laut, and finally 
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puTBUOB its course with the slope permitted by the locality, Fig. 2927. Its breadth, immediately 
Lefbre reaching the floats, is a little less than theirs ; it then increases and encloses the floats 
beyond tlie vertical diameter. By these dispositions, the water, on its arrival at the wheel, 
impinges upon it with all its mass, without experiencing a loss through the intervals ; after that 
the lowering and enlargement of the wheel*cour&e favours the clearing of the water, and does not 
obstruct its motion. 

After what has just been said, the breadth of the floats is flxed by that of the course, and by 
the size of the intervals. Their height, in the direction of the arm of the wheel, ought to be such 
that in the greatest rising of the water against the first float stnick by it, a portion of the fluid, 
which tends to run past its upper edge, although retained by the counter-float, shall not lose a 
part of its action : we prevent tnis loss by giving to the height of the floats about three times the 
thickness of the sheet of water in the course, without, however, exceeding 2 * 13 ft. The distance 
from float to float, measured upon the exterior circumference of the wheel, should be a little less 
than their height. 

Their number, then, will depend upon the extent of the circumference or of the diameter, and 
this dimension is nearly arbitrary. 

The dynamic efibet of the wheel is proportionate to the velocity of the floats : it requires only 
this velocity, which is independent of the diameter. When the diameter is required, we usually 
determine it by the number of turns which it is proper the wheel should make in a certain time, in 
order that the transmission of motion to that part of the machine wliich does the useful work, and 
which should consequently have a certain velocity, should be effected with the greatest simplicity, 
and with the least gearing possible. This is accoinjdisliod in such a way that the wheel shall have 
a velocity and dimensions imapting it to fulfil the otiice of a fiy-wheel^ so as to maintain a suitable 
uniformity of motion. If « is the velocity at the extremity of the floats, N the number of turns 

wished in a minute, the diameter will be — or 19*1 . For the case of good cflect, wc shall 

^ 58*8 

have nearly a = 8*08 Vll ; and consequently the diameter will be *”^ a/H. Finally, in practice 

we never make it less than 13 *12 ft., nor more tlian 2G*25 ft. 

According to the adopted size of the diameter, we shall give to the wheel the number of floats 
indicated below. This number is divisible by 4; from the fact that constructors arc in tho 
habit of putting an intcgml number of floats in each of the four quarters of the wheel. We nmy, 
Ijesidea, without any di^vantage, increase by 4 each of tho numbers of the Table. 



lk)S8ut, in raising the same weight by a small wheel of 3*34G ft. diameter, sometimes witli 48, 
at otlu*r times with 24 floats, obtained cflft^.ts which were in the ratio of 4 to 3, whence he concluded 
that it would bo better to give a greater number of floats to wheels than is usually done. But his 
water-course was rectilinear, and in such a course tho wheel takes positions in which tho spaces 
between tho flooring and the edge of tho floats shall bo the greater as their number is the smaller ; 
whence it follows that a great quantity of water is lost w'itliout exerting any a(*tion. Smeaton, to 
whom this fact was well known, remarkotl that this no longer occurs, and that the eflect is not 
necessarily diminished by lessening the numl>er of floats, when wo curve the flooring concentrically 
with the wheel, and that it was sufficient to give such a length to the curved part, as that one 
float might enter it before tho other left. 

Some mechanists have supposed that the dynamic oflcct is increased by inclining the floats 
upon tho direction of tho arm, and they have given them sucli an inclination. But what ma^r be 
advantageous for a wdieel plunging in an indeflnite fluid is no longer so for one established »in a 
mill-race. Bossut having compared the effects obtained with floats inclined (F, 8^, 12^, and 1G°, 
found thot they were respootivolv as the numbers 1, 0*9')9, 0*956, and 0*998; so that in theso 
experiments, tho only ones witli wnich wo are act|uainted, the inclination has been a disadvantage. 

In tiic case only where a wheel might casually be plunged in the race of a canal (for we cannot 
admit that it is usual, inasmuch as its establishment then would be faulty, and would have to be 
changed), the inclination of the floats would favour their clearance; or rather, it would prevent the 
floats, after they had passed tho vertical, from taking up and raising a certain quantity of water, 
which, acting in a direction opposite to the motion, would diminish tlio effect. Tiiis inconvenience 
is obviated in large wheels established upon tho arms of a river, where tho fall is very small, and 
where the floats are composed of different pieces, by giving them a slight inclination, but more 
and more as they approacn tho exterior circumference of tho wheel. 

Attempts have IxMsn made to increase tho dynamic force, by means of lining the floats with 
borders or side pieces. But their action was inconsiderable in the case where the paddles which 
receive tho impulse of the fluid are placed in a water'Oourse. It will be still leas upon the floats 
of a wheel ; and in tho experiments of M. Fonoelet, made at a powdoMuill in Mots, these flanges 
have augmented the effect but a fifteenth. 

We produce, and with more certainty, an analogous effect, by fixing and enclosing the floats 
, between two oircular plates, similar to those which form the crown or smrouding of bucket-wheels. 

In narrow wheels, oast-iron floats, slightly cyliiidricaL the axis of tho cylinder being in the 
dirootion of the radius, pioduoo the effect of these side enclosures. 
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When we put in motion a maohino at rest, and for this purpose open the gate, the fluid is pre* 
cipitated foxoibly against the float which is opposite to it, rises and flows over all its parts ; 
continually pressed by that which arrives without interruption, it exerts a greater eflbrt than i 
when the motion is established. A portion of this effort is put in equilibrium with that of the 
resistances to be overcome ; the remaining portion acts, in the first moment, to break the adhesion 
contracted during the repose by the pieces of the machine which should move u^n each other ; 
and then, striving against the inertia of the masses, it accelerates more and more its motion. As 
the velocity of the wheel increases, its action becomes more feeble (since this action is proportional 
to the relative velocity) ; soon the acceleration, diminishing gradually, becomes inBensible and as 
nothing ; and the wheel* after a few turns, in consequence of the velocity impressed upon it, and 
in virtue of its inertia, continues to move, as it were, of itself, either with an entirely uniform 
motion, or with a velocity which, oscillating between near limits, may be reduced to a mean and 
continuous velocity. 

The action of an impulse, or the dynamic effect produced bv it upon the floats of a wheel, or, 
more exactly, upon a paddle well set in a water-course, and which yields perpendicularly before 
p 

the fluid, 18 — (V — c) 


Is it the same for a senes of floats presented in succession to the current, or two or throe at a 
time, and under different angles of inclination? Experience alone can afford us just ideas upon 
this subject : meanwhile, we assume that the action of the impulse upon the wh^ is not e(|ual, 
but of the same nature, and having the same form of expression as the above. 

In this expression of effect, when the wheel is moved oy the same current, v is the only variable. 
If 0 = 0, the effect will ^ nothing ; a machine which does not move cannot produce any. It will 
stiU be nothing when c = Y ; a wheel which goes as fast as the current cannot receive action from 
it. It is moreover evident that v can never exceed Y. So that the effect will increase according 
as the velocity of the wheel, starting at zero, shall increase ; but only up to a certain point, beyond 
which this effect will decrease, returning to nothing when the velocity shall be eoual to Y ; between 
these two extremes there will, then, be a maximum of effect. Differentiating tne variable part of 
the expression, (Y — e) «, and making this equal to zero, we have Yd® — 2odo = 0; whence 
V = i Y ; that is to say, that a wheel with floats produces its greatest effect when its velocity is half that 
of the current. 

The effort of the water upon the float is - (Y — v) ; this will also be the value of the load of 


the machine, that is to say, of the sum of resWnoes which it can overcome, these quantities being 
equal. 

P Y 

For the case of maximum of effect, where ® =r } Y, this load will be -r — . For the same case, 

the dynamic effect* being equal to this load multiplied by its corresponding velocity } Y, will be 
P Y^ 

equal to -r — , or, observing that ^ — A|, i P A|. The greatest effect of which a current arriving 

at a machine is susceptible, with P of water, and a velocitv due to is P A, ; that of a wheel with 
floats will therefore m only half of this. If the entire fall H had h^n made available, and expe* 
rienoed no loss of veloci^, either at the gate or in the course, we should have A, sr H, and for tho 
maximum effect ^ P H. Whence we conclude, that the greatest effect which can be produced by a current 
of water acting by its impulse upon a wheel with floats^ and upon a hydraulic wheel in general^ ts but half 
of the greatest effect of which it is capable. And vet we could never have arrived even to this half, 
but through suppositions which are not realized; it is a limit which we cannot attain, and from 
which we are usually far removed, as we shall soon see. 

We pass to the modifications which experience must make in the results of a theo^, which, 
moreover, we have only admitted with reserve. We shall devote some time to this subject, both 
because we are dealing with nearly the only wheel that is moved solely by the impulse of water, 
and because the field of experiment has b^n successfully explored by a man of superior merit, 
Smeaton. His observations were made, it is true, on a small scale, the model of the wheel being 
only 2 ft. in diameter ; but they were so well directed towards the principal points of the problem 
to M solved, and executed with so much skill, that they enable us to reoc^ize the principal oir* 
oumstances of the motion of wheels with floats. It was only after Bmeaton had satisfied nimself 
that their results were conformable with those observed by him on large wheels, that he published 
them. 

Upon the axle of a wheel a oord was wound, which passed over a pulley on the top of the 
machine, and which bore at its end a basin, in which were placed at pleasure various weights. 
The water was furnished to the wheel by a reservoir, which was constantly kept at the desired 
height. 


The experiments were divided into classes and series ; those of the same class all have the same 
opening of the sluice-gates ; and in those of the same series, they moreover had the same height of 
reservi^, and consequently the same Quantity and the same velocity of motive water, or the same 
dynmie force. The velocity of the fluid, at the moment of strixhig the wheel, as well as the 
piMsive resistanoes, were determined previonsly and directly by experiments of a very ingenious 
character, which may be found in the memoir of the autbw* These preliminariee having been 
established, a small weight was at first put in the basin; when the motion was well established 
and had become uniform, they counted the number of turns made by the wheel in V at SO'^and 
thence deduced the velocity of the elevation of the weight: this was the first experiment of the 
scries. Then the basin was lowered, and a heavier weii^t placed in it, and the t&e of ndiing 
wastaken. So, in suooessioD, for a third, fourih, Ac., wdght, up to the weight which was so heavy 
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as to arrest the motion ; the series of experiments was then completed. That term in which the 
product of the weight raised (adding to it the weight representing the passiye resistances) into 
the respeotiire ascensional velocity, was found to be the greatest, was the term of tnaximum effect of 
the series. 

Bmeaton in this manner made twenty-seven series of experiments, and he published a table 
presenting the circumstances relating to the experiment of maximum of effect in each series. The 
following Table, containing eighteen of these experiments, is an extract from it. The dotted trans- 
verse lines to be seen in it separate the six classes of experiments ; from one class to the other 
the opening of the sluice-gate was gradually enlarged. The titles of the columns indicate their 

V* 

contents sufficiently well. Wo confine ourselves to the remark that, for each experiment, , 


^ ~ 2 9 A being the number of the experiment or of the horizontal line noted in the eighth 


column, and $ the number in the ninth ; H is the height of the water above the gate sill ; = p 7 , 
y is the corresponding number of the tenth column, and represents, for each series, the weight 
which, put in the basin, would arrest the wheel. 


Water 
expended 
In 1". 

P 

Velocity 

of 

Current 

V 

Velocity 

of 

Wheel 

V 

Weight 

r^nd. 

(Beeittance.) 

P 

1 

Effect 

pv 

Ooefllcient 

concluded. 

n 

■ 

Ei 

toe. 

pv 

PH 

P 

IbH. 

ft. 

ft 


lbs. ft 






4*583 

9*166 

8*125 

*6836 

1*98 

0*74 

0*34 

0*32 

0*16 

1-30 

4*05 

8*541 

2*916 

•4972 

1*45 

0-71 

0*34 

0*32 

0*17 

1*33 

3*566 

7-812 

2*698 

•3784 

1*021 

0*67 

0*35 

0*30 

0*16 

1*37 

2'975 

6*77 

2*437 

•2519 

•614 

1 0*64 

0*36 

0-29 

0*17 

1-20 

2-233 

5*416 

1*979 

*1495 

•296 

i 0*63 

0*37 

0*29 

0-18 

1-11 

1*9 

4*875 

1*666 

*0972 

•1620 

0*61 

0*38 

0-28 

0-16 

1-08 

* 6*7 

* 8^5 ‘ 

3 * 263 ' 

•6525 

‘ 2 ’ 090 * 

* 0*66 * 

' 0**37 * 

’ 0 ** 3 ’l * 

* 0-18 * 

‘ l -27 

4*75 

7*50 

2-708 

•5000 

1-354 

0*72 

0*36 

0 - S 3 

0-19 

1*15 

8*9 

6*56 

2*604 

•2922 

•761 

0 61 

0*40 

0 29 

0*20 

1*15 

2*79 

4*79 1 

2*187 

•1344 

•294 

0*60 

0*45 

0*30 

0-21 

111 

* 5*95 ‘ 

* 7 ^ 99 * 

; * 3*02 ’ 

•5579 

* 1 * 685 * 

* 0*68 ’ 

* 0 ** 4*0 ’ 

* 0**32 * 

* 0-23 * 

* 1*25 

5*50 

6*874 

2*786 

•4379 

1-219 

0*63 

0*41 

0*31 

0*22 

1*24 

3*80 

4*999 

2*447 

•1798 

0*440 

0*62 

0*49 

0*30 

0*23 

: 1*04 

‘ 5 * 981 * 

* 7*08 ‘ 

* 2 * 812 * 

•4967 

* 1 * 397 * 

* 0**63 * 

’ 0**40 * 

* o**slb * 

* 0-24 * 

‘ l -09 

4*366 

4*999 

2*551 

•2093 

0*534 

0*63 

0*51 

0*31 

0*24 

; 1*08 

’ 5*916 

’ 6 * 249 * 

2 * 843 * 

•3823 

* 1 * 087 ' 

* 6-61 ’ 

’ 0-^ * 

’ 0*30 ' 

’ 0 * 2*4 * 

1 ’ l ’06 

5*116 

5*208 

2*562 

•2439 

*625 

0*58 

0*49 

0*29 

0*24 

1 1*06 

' 6‘(1N0 * 

* 5 * 268 * 

* 2 * 768 * 

•2736 

! * * 741 * 

j . . . • 
j 0*64 

* 0*52 ’ 

* 0-30 ’ 

* 0 * 2*5 * 

{ * 1-08 

1 

1 ** 

i » 

4 

! ® 

|; e 

7 

8 

9 

i 10 

1 


The first four columns of the Table present the data of the experiment ; the last six, the results 
deduced from them. Let us sum up these results. 

A glance at the sixth column shows that the coefficient of reduction of the theoretic effect to 
tlio n^l effect is not constant, and consequently that the admitted theory does not adapt itself to 
all the circumstances of the movement of wheels with floats. 

Its roBults, as to effect, are so much farther from those of experiment, as the velocity is more 
considerable as we may see in the Table following, which answers to the only entire series of ex- 
]>oriment 8 which Bmeaton has given us. The quantity of motive water used there was 4'46 lbs 
and its velocity 9*222 ft. 


V 

pt> 

n 

V 

pv 

n 

ft. 

Ibaft. 


ft 

Ihaft 



1-512 

0-52 

8- 117 

1*751 

067 

4*863 1 

1-671 

0-57 1 

2-756 

1-714 

0-69 

8-778 

1-671 

0-59 

2-296 

1-967 

0-71 

8-510 

1-765 

0*64 

1-706 . 

1-280 

0-71 


The coefBoient a does notjpresent so great varieties in the experiments of the great table, which 
answer to the maximum of et&d of each series : and even, making abstraction of some anomalous 
numbm we have for the mean of each class (one only excepted) very nearly n s 0*64; and oon- 
iequently, Horpv s 0*64. }Pk| s 0*82Fk|. 
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This ratio of po to P*,, Immediately given by each experiment, is noted in the eighth ooltimn 
of the Table; it only varies from 0*28 to 0*32; and the mean term has nowhere exceeded 0*80. 
Nevertheless, Smeaton thought he had good cause to raise it as high as \ for great wheels ; that is 
to say, to admit their effect to be of the force which the current possesses on its arrival at the 
floats. 

The ratio of this same effect to the entire force of the motor, or m, indicated in the ninth column, 
is not so constant in its character as the preceding ; it gradually increased from one class to the 
other, from 0*167 up to 0*25. So that, in the experiments of Smeaton, the greatest dynamic effect 
was only from a sixth to a quarter of the entire force of the motor. We doubt if in great machines, 
even supposing them well arranged, it attains this last value ; though theory indicates it as double, 
or iPH, 

The ratio of the velocity of the wheel to that of the current gradually increased from one class 
to the other, that is to say, in proportion as the opening of the sluioo-gato was greater, from 0*36 
np to 0*52; it was, as a mean, 0*44. Smeaton does not admit over 0*40. Bossut, after a series of 
some experiments, also adopted this same number; but as the velocity of the current was measured 
at the surface, they have given too small a result; it would approach 0*50 in taking the mean 
velocity. We believe that in machines well arrangetl and well conducted wo may very nearly attain 
this theoretic limit; and, with some authors, we shall adopt r = 0*45 V, always for the case of 
maximum of effect. 

Finally, the last column shows that the load which arrests the wheel is only from one to two 
tenths greater than the load for the maximum of effect. But according to theory it should l)o 

double ; indeed, the load corresponding to the velocity ® = 0, is — ; and that which corresponds 


to the maximum is -s— t P* ^514. 

2 g 

The results we have just given refer to the case where the velocity of the wheel is found to bo 
the most advantageous ratio to that of the current at the moment of striking the floats. But 
usually this is not the case ; the effect is less, and its coeiBcient n, cxjKiriencing great variations, 
as we have seen in the small Table (p. 1515), can never bo expressed by a gcuertil formula. 

However, when the velocity of the whet;! <loe.s not exceed certain limits, one-thinl to two-thirds 
that of the current, without the risk of any notable error, especially in excess, we may take *60 for 
the coefficient, and admit 

E= 0-60- (V -0 ® = '018C4P(V- r)e= l-lG40Q(V-t)r. 

9 

The velocity V, with which the water arrives at the floats, is always difficult to determine. It 
meets, as we have seen (p. 1512), with losses between the bluice>gate and the wheel ; without them, 
we should have V = V 2 gli ; and A, the difference in level l>otween the surface of the reservoir and 
the centre of percussion of the floats, would be easily m('asured. 

Smeaton, who made observations upon the losses really experienced, and who has sometimes 
seen them as high as onc-flfth of the velocity, has also remarked that they diminish, when the 
height of the opening of the gate increases; so much, says he, that in mill-sluicea, when great 
volumes of water are discharged, under moderate beads, V will l>e very nearly equal to s/2 g h, 
M. PoDcelet has also observed that the loss of velocity is less in great o])euings ; aud t hat tl irougb 
an opening *7217 ft, in height, and even with a heoil of 4*593 ft., he found V = 0 99 V 2 7 A. Still, 
to prevent mistakes, and supposing that the sluice-way is otherwise suitably arranged, wo will 
admit V = 0*95 ij2gh = 7*6215 tj h ; and consequently wc shall have generally E = 1*1642 Q 
(7*6215 n/^ — r) r. When v is very near to ^ V, this expression will bo rcMluced to E = 16*907 Q h. 

Hie ratio between the effect and the entire force of the motor will be cstfibiished in a manner 
still less sure. Smeaton, even in the case of maximum effL>ct, found it vary from 0*16 to 0*25. 80 
that we shall have nearly always E ^ 0*25 P H or << 15*612 Q H. 

Finally, we but littlle regret our inability to give a more precise expression of the effect of 
wheels with floats moved by the impulse of water, inasmuch as this kinu of wheel is nearly out 
of use. 

Notwithstanding this remark, suppose we are to establish a wheel to put in action a blast-engine, 
appointed to throw into a high furnace fru* melting iron b^ means of coal or of coke, three-quarters 
of a cubic metre or 26*487 cub. ft. of air in a second, with a velocity of 426*51 ft. ; and that wo 
have upon a small river a fall of 5*4134 ft. Wo wish to determine the volume of water required 
to move the machine. ' 

That we may have three-quarters of a cubic mbtre of air in the furnace, in view of the inevit- 
able losses, we must count upon a cubic mhire. At the level of the sea, and at zero of the thermo- 
metric temperature, it would weigh 2*8671 lbs.; at the site rff the mill it will weigh only 
2*6906 lbs. ; we will admit 2*7568 Ihs. The height duo to the velocity of 426*51 ft. is 2821*57 ft. 
Thus the useful effect to be pr^uced is equivalent to raising 2*7568 lbs. to a height of 2821 *57 ft, 
or 1075km. = 7778*59 lbs. ft. in one second. By reason of the passive resistances of the wheel, of 
the machine and air-pipe, we will augment this number by a third, and we shall have for the 
dynamic effect, 10371*45 Iba. ft, ~ E. 

On the fall of 5*4134 ft,, we will take *98427 ft. tor the distance between the centre of perous- 
sion of the floats and the lower level; and there will remain but 4*4292 ft. for the value of A, 
Thus the equation will be 10371*45 = 16*907 Q x 4*4292 ; whence Q = 188*49 oub. ft. We will 
reckon upon 141 *266 cub, ft This water, having to run in a water-oourse irith a vdooity ct 
16*04 ft. = 7*6215 V 4*4292, the section of the fluid sheet in it wiil bo 8*888 sq. ft., and as its* 
1 should not exceed *6562 ft., its breadth must be 18*418 ft. ; let us pi» it at 18*45 fL 
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Leaving a spaee *04d2 each side between the oonrse and the wheel, we shall hare the breadth of 
the latter, that is to say for the breadth of the floats, 13*353 ft. Their height will be 2*132 ft. ; 
for under the wheel, the water will rise 1 *97 ft. and more : they will therefore be furnished with 
counter-floats (“ contre-^iubea ”). Their number will be forty, the diameter to be given to the wheel 
being 20*34 ft. ; each will be formed of four planks, *574 ft. wide, and inclined gradually upon the 
radius 0°, 10% 20^, and 30^; the three iron supports to hold them will have three bends or angles 
of 170% The wheel will make about seven turns per minute, and its motion will be communicated 
without gearing to the pistons of the blast-cylinder, either by means of cranks, winches, balance- 
beams, or by cams, in the form of eccentric wheels, which will accompany them in their ascent and 
descent. 

The float- wheel just described, exceeding 13 ft. in width, consuming 141 *26 cub. ft. of water per 
second, with a fall of 5*413 ft., having thus a force equivalent to 89 horse-power, will be one of the 
most efflciont which wo can have. If charcoal were used in the furnace, we should not require over 
17 * 66 cub. ft. of air per second, with a velocity of 328 ft. A volume of water of 44 * 14 cub, ft. would 
be sufficient to move the wheel. We should give it a width of only 4*92 ft ; its floats might be 
plane and 1*968 ft. deep. 

Wheels established in a Circular Water-course or Curb. — ^We have seen, p. 1512, that the most 
advantageous disposition of the course for float- wheels is in curving it under the lower part of the 
wheel and concentric with it, for a short length (one or two of the float spaces), and consequently a 
very small height. The advantage increases as the height or versed sine of the curved part is 
greater; so much so, that now they arc made as great as possible compared to the fall ; and we give 
them two-thirds, three-<]uartcr8, and even a greater proportion of its value. In this way wo obtain 
wheels of very good effect, perhaps tlie best 
that can bo had with small falls, those of 
8 ft. and less. Fig. 2928 gives a good idea 
of their disposition. 

Manifestly, the circular course or curb 
should be constructed with great core, and 
of masonry, if possible ; its apron, or oylin* 
dncol surface, should be very smooth, well 
centred, and so that its axis shall be exactly 
the axis of rotation of the wheel which the 
curb or mantle encloses. The sj)aco to he left 
between its surface, that of the bottom as 
well as its sides, and the edges of the floats, 
should bo from 0*0328 ft. to 0*049 ft. We 
should never make them less; in the best 
suspended and best matle wheels, after a while, some portions yield or wear out, some joints begin 
to play ; and if the space is too small, the floats will soon rub and scrape against the curb. This oon- 
sidemtion should induce us to ostnblish very solidly the walls or pillars upon which the gudgeons are 
8Ui>pc>rted. The breatUh of the course, as well as that of the wheel, should be such that the water, 
running freely over its bed, might not have a depth of over 0 * 656 ft., nor under 0 * 049 ft. The diameter 
of the wheel will be dclenniiuri in the manner anu according to the considerations shown in p. ISIS', 
generally it is from 16*4 ft. to 23 ft. The number of the floats will be such as before described, 
p. 1513. Their height should never lie less than three times the thickness of the fluid sheet of 
water in the course. They should be placed in the direction of the radius. Still, good millwrights 
give them a slight inclination ; quite often they incline them to the radius with an angle 90^ -f a, 

2 M 

a being given by the equation cos, a = 1 — g- • Sometimes they give the forms indicated in 

Fig. 2928 by u 6 r, or a' b* c\ The sluice-gate should bo made and disposed with all the precautions 
indicated in p. 1512, and in such a manner that the water should fall very nearly perpendicular 
upon the float receiving the impulse. Better still, if it can bo done, when we cause the water to 
fall by simply flowing over a sill established at the top of the curved apron. 

Watej* acts uj>on wheels established in such a course, both by its impulse and by its weight. If 
from the point c. Fig. 2928, taken at the surfoco of the reservoir, we drop the perpendicular e /, upon 
the borirontal line passing through the bottom of the wheel, and let A oe a i)oint taken at the level 
of the OLO where the water arrives at the first fl<iat struck ; c/ will repro^nt the total fall H,and 
e k the portion h of this fall employed in the generation of the velocity with which the impulse is 
made. After this has taken place Uio water spreads out ujion the float, descends with it pressing 
upon its upper surface ; so that the fluid w^hich is in the course, throughout the whole height /r/, 
presses ujioq all the floats found there, and urges tliem in the direction of motion ; this action of the 
weight will be expressed by P x or P (II — A), The action of the impulse is expressed by 

~ (V — r) c, or P (A — A' — A"); or, more exactly still, with the notations, p. 1511, and according to 

g 

what we shall hereafter establish (see Overshot Water- wheels), by P (A — ^A — A' — A"), g A 
referring to losses experienced in tlie velocity of the current between the gate and the wheel. 
Uniting these two partial actions, the total action, or the effect p v which results &om them, will be 

P{(H-A).bA-MA-.A'-A''l. 

We have two corrections to be made for this expression. 

First, even when all tlie water P expended* shall have acted by its impulse upon the first fioat 
it meets ; iM^yond that, when it descends in ihe course, pressing upon the succeeding floa^ the p^ 
of the fluid wbi^ is found in the intervals between the edges of the floats and the si des o Mhe 
course exerts no pressure, and has no effect , and consequently it should be subtracted from P in 
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the expresmon F (H — A). The amount of this part cannot be rigorously determined. Still, if wo 
consider, Ist, that the resutanoe experienced by this water against the sides of the course diminishes 
the velocity which gravity tends to give it, more and more during its descent upon the bed of the 
curb ; 2nd, that this velocity is still more diminished by the continual obstructions which the water 
meets in its passage through the spaces, varying at each instant, for a wheel is never j^rfectly 
centeed ; 3rd, finally and especially, that the velocity is altered by a continual mingling of the water 
in the spaces with that resting u]^n the floats, we may conceive that in nearly every case, the 
velocity of one will be that of the other, and consequently equal to that of the floats. In such a 
case, if we designate by A the section of the fluid sheet in the course, and by a that which answers 

to the spaces, will be the portion of the fluid which produces no effbct ; we must deduct this 

from P in the expression of eflect, which will become P (H — A). 

Secondly, the portion of the bottom of the wheel wMch plunges in the water of the course, 
there loses a part of its weight equal to the weight of the fluid which it displaces. In consequence 
of this loss, there does not exist an equal distribution of the weight of the wheel around the axis 
of rotation ; and the wheel tends to turn against the current ; lot p* be the weight representing the 
effort of this tendency ; this will be a new resistance which the motor must overcome, and it should 
be added to the other eflbrts or resistances of which the sum is p. We have then, n being the coeffi- 
cient of r^uction of the results of calculation to those of observation, 

The example which we shall shortly give will show us the manner of applying this formula. 

For common use, it may be simplified. The quantities p* and ^ anpposing the construc- 
tions equally well made, will be very nearly proportional to the force of the machine, or to P ; and 
they may consequently be comprised in the value of n. Moreover, we shall see (Overshot Water- 
wheels) that the quantity /i A A* -f A"' always exceeds ^ A, and that it is very nearly •} A. So 
that the equation is simply £ = n P (H — | A). 

Let ns determine the coefficient n. Let us see its value in a machine, perhaps the most per- 
fect of the kind we have discussed ; it is a wheel estahlishtd at the crystal-ware manufactory of 
Baccarat, near Lun^ville, by English constructors, and similar to those in use in their country. It 
is 13*14 ft. in diameter, witn a breadth very nearly the same; it has 32 floats 1 ‘312ft. deep; and 
it is hung in a circular course, 6*037 ft. versed sine, upon a fall of 6 *758 ft. ; the space between 
the sides of this course and the edges of the floats is reduced to some millimetres, says M. Morin. 
The motive water was let upon the wheel over a weir 12*79 ft. long, with the head A^ above the lip 
noted in the following Table. According to the experiments of M. Castel, the volume of water 
discharged will be 3*5567 x 12‘79A<, whence we have the values of P. The fall was 
6*037 ft. + A, and we have represented by H' the factor H — | A. As for p, the sum of the resist- 
ances to motion, it is the result of experiments made by M. hiorin, by means of a dynamic brake : 
to the effort immediately indicated by the brake, this author has added the pamive resistances, 
which he determined by calculation ,* finally, as they do not reach to of p, a little uncertainty 
respecting them would be but of small consequence. 


V 

P 

P 

*. 

pv 

PH' 

pv 

PH 

ft 

Ihk 


ft. 



7*64 

108*04 

1726-8 

•7185 

0*762 

0*707 

3*805 

227*10 i 

1740*1 

•7217 

0*792 

0*734 

3*182 

269*06 1 

1740*1 

•7217 

0*783 

0*726 

2*723 

306*50 1 

1715*8 

•7152 

0*777 

0*720 

2*395 

348*40 1 

1 1715*8 

•7152 

0*773 

0*716 

2*132 

385*90 

1726*8 

•7185 

0*755 

0*700 


Mean 1727*5 *7181 j 0*772 • 0*717 


Thus, for the machine at Baccarat, n would be, as a moan, 0*772. But wo rarely meet a wheel 
with so small a play as this, and it will only be for machines very carefully constructed and 
maintained that we can admit £ = 0*75P(H — 0*7 A). The aljove experiments give 0*717 for the 
ratio of pv to PH. But where, as for the wheel upon which they were made, shall wo find the 
height of the circular curb so groat as of the fall ? Most frequently this height, or more exactly 
that upon which the water only acts by its weight, is not over one-third, and wo generally have 
from 0*60 P H to 0*65 P BL In the application, we sliall not use these expressions, but the pre- 
06 <ling, 0*75 P (H — 0*7 A); diminishing the numeric coefficient a little if the mactuno is in an 
ordinary condition. 

Upon a canal fed ^^a river we have an iron-mill, to which we wish to add a rolling mill of 
thirty hor^power. llie available fall at low water is 8*202 ft.: we will employ a wheel moved 
by the weight of the water. It is required to indicate the volume of water necessary to put it into 
action, and the principal dimensions to be given it. 

We require for the working of the rollers that the wheel should make six toms per minute, 
with a velocity of 7*86 ft. Accordingly, its dynmnic radius should be 11*745 ft. (p. 151B), and we 
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will make the whole diameter 24*278 fi It shall be a wheel with floats, of which there shall be 
forty-eight, and formed of two planks ; the small one will be placed in the direction of the radius, 
and will be *722 ft. in height; the greater will make with it an angle of 160° 


:90°.h70°; 1 - • 


= cos. 69° 27' 


and we will give it a height of 1*897 ft., so that the two united shall make 1*968 ft. in the 
direction of the radius. The counter-floats will be 1 * 148 ft. in breadth. We will sacrifice *328 ft. 
of the total fall for lowering the apron immediately below the wheel. The height H will then be 
7*874 ft. We take from this 6*562 ft. for the height of the curve to be given to the circular part 
of the course, and there remains 1*312 ft. for A; thus H — A = 6*562 ft. We have seen that 
A -b A' A"' was greater than 0 * 5 A, and we have made it 0 * 7 A ; consequently, 


A - ^A - V - A" = 0*3 A = *3936ft. 

After this, the equation will be (/> -i- p') 7*382 = 0*90 P J^6* 562 ^1 — + *3936^ . Let us 

determine the unknown quantities. 

The weight p, representing the sum of resistances to the motion of the wheel, is given by 
the conditions of the problem ; the dynamic p v being equal to the action of thirty horse-power, 
or to 16280*7 lbs. ft., and v being equal to 7 *382 ft., we shall have p = 2205 *4 lbs. To deter- 
mine p\ A and a, we must have the dimensions of the sheet of water which descends upon the 
curved bed, and consequently know P, which is precisely the quantity sought. Let us take at 


first an approximate value; for this purpose let us make p* = 1.32 *32 lbs., and ~ =0*1; these 

A 

quantities substituted in the equation, give P = 3043* 5 lbs., or Q = 48*736 cub. ft. Since the 

velocity of the fluid sheet should be 7*382 ft., its section, or A, will be 6*6021 sq.ft. 

We will admit 0*6562 ft. for the thickness of this sheet; its width, or that of the 
10*061 ft. Leaving *065 ft. of space between the sides of the course and the edges of the floats, 


/ 48*736\ 

V~ 7*382 /• 
course, will be 


we ehaU have a =’0656 [10-061 + 2 ( 6562 --0656)] = -7377 eq. ft.: thus 4 = •11173. To 

get p', we will observe that eight floats at least plunge continually in the water of the oourse, and 
that thev are submerged for a depth of *5906 ft in the direction of the radius, or *6299 ft. in 
reality, by reason of their inclination of 160° to the radius. Since the width of the floats is 
10*061 ft. — 0*131 ft., or 9*930 ft., and their thickness *0984 ft., the weight of the fluid displaced 
by each of them will be 38*491 lbs. (= 9*9411 x *6299 x *09842 x 62*45): we will carry it up to 
41 *9026 lbs., on account of the ends of the supports, which also plunge into the water. This 
weif^ht is as a force tending to lift the floats vertically : if we estimate it in the direction of the 
motion of rotation, it will to 41*9026 sin. i, t being the angle made by the radius of the wheel 
with the vertical, at the centre of immersion of the floats: this radius being 11*844 ft., and the 
dynamic radius being 11 *745 ft., this force referred to the extremity of tiiis last, or augmented in 
the ratio of these two numbers, will be 42*255 sin. t. For the eight floats, we must multiply 
42*255 by the sum of the eight values of the sin. i, which will be 4*52049, the angles l^ing, as a 
mean, 10^ 17J°, 2.5°, 32J°, 40°, 47*°. 55°, and 62J° Thus we shall have p = 191 *01 lbs. 

Rubstituting these values in the equation, it will become (2205*4 -f 191*01) 7*382 = 0*90P 
[6*562 (1 — *11173) + *3936], and it will give for the second value of P 3158 *8 lbs.; then 
A = 6*8523 sq. ft., a = *7627 sq. ft., p' = 201*13 lbs. For the third value of P, we have 8169*2 
lbs., and 10*466 ft. for the width of the course. It will be well to augment ibis width when the 
water arrives in greater quantity; wo may carry it to 10*63 ft., and the width of the floats will 
consequentlv be 10*508 ft. The force of the motor, 3169*2 lbs., falling 8*202 ft., is equivalent to 
fortv-eight horse-power ; the dynamic efiect is but two-tliiids of this. The rolling mill of which 
we have been spewing, and whose efifect is but that of thirty horses, is of an ordinary kind : there 
are those which, with great velocity, produce the effect of fifty horses and upwards. 

In the commencement of our observations upon wheels contained in a circular course, we 
remarked that it was best to increase the height of the course, so as to reduce as much as possible 
the distance between the float-board, which receives the first impulse of the fluiA and the reser- 
voir. This is, in fact, the method of obtaining the greatest dynamic effect, with the least con- 
sumption of water : but this condition, though worthy of great ocmsideiation, is not the only one 
which determines the choice and disposition of the wheel to be used. For example, where we may 
have an abundance of water, we should cotisidcr less its economy, and rather regard the expense 
required in a construction made acoonling t<» the rules which we have given : thus, instead of a 
small distance between the float-board impinged U}X)n and the reservoir, we may sometimes have 
a very great one. This is the case with the iron-mills of the Pyrenees, where there are great falls 
and large streams; the wht^els established there are otherwise remarkable for their simj^ioity and 
the solimiy of their construction. 'We will ^ve a brief description of them. 

They are from 8*20 to 9*84 ft. diameter, including the floats; their circumference is formed by 
four segments or felloes of oak, extending from one arm to the other: these arms consist of two 
strong timbers, crossing the shaft, with a thickness of 0*49 ft. and a width of 1 * 148 ft. The floats, 
twenty-four in number, are 1 * 148 ft deep and 0*2296 ft thick : the middle is hollowed out to half 
the tbiekness. Upon this hollow, as ufmn the rimmed plates of Morosi, falls a great fluid vein, 
issuing from a nwly vertical trough, whose moan length is 9*84 ft. Above, there is a wooden 
^ reservoir, oommo^y with a depth of 6*56 ft., and as mudi in breadth. A little below the orifice 
of issue of the trough, the water strikes the floats; beyond this it, as well as the wheel, is con- 
tained in a diuttlar curb or sweep, whoso sides are 0*98 ft. distant from the edge of the floats. 
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Thtxs, upon a fidl of 24*60 ft., or rather of 21*325 ft. real fall, admitting as a mean 8*2809 ft. 
of water in the reaervoir, about 14*764 ft. will serve for the impulse, and there remains hat 
6*562 ft. for the weight to act. The orifice of the trough being usually 0*885 ft. bv *722 ft., the 
head being 13*124 ft., and taking 0*97 for the ooeffloient of contraction, the discharge or con- 
sumption of water will be 18*01 cub. ft. 

Generally, in the forges of the Pyrenees, it is computed that, with a fall of from 22*96 to 
26*25 ft., there is required 17*658 cub. ft. of water per second to move a hammer of ftom 1323 to 
1543 lbs. a height of from 0*984 to 1*476 ft., whicii strikes from 100 to 120 blows per minute. 

A bucket-wheel of 19*68 ft. diameter will produce a like effect with but 11*654 ft. of water 
only : the economy would be great, and advantage should be taken of it in a place where there is a 
scarcity of water; but where there is an abundance, it is possible that it may oe better to establish 
one of the float-wheels just described, than to employ a wheel of double the height, nearly eight 
times tiie width, and whose construction, establishment, and maintenance will require a much 
greater expense. 

Wheels moving in an Indefinite Fluid , — ^These wheels are princij^Iy used in boat-mills, or mills 
upon barges moored in the middle of rivers. Wo 8Up{>ose, in this case, that there is no water- 
course or other construction to increase the natural velocity of the current on its arrival at the 
wheel. The diameter of these wheels never exceeds from 13 to 16*4 ft. The fl^ts are usually 
twelve in number ; it is thought, however, there may bo an advantage in incre^ing this number 
to eighteen, and even to twenty-four. According to Fabre, who has given particular attention to 
this kind of machine, the height of the floats should not exceed of the radius of the wheel, 
measured to the centre of percussion ; it will thus be at most a quarter of the entire radius ,* quite 
often it is but a fifth. This author made them to plunge entirely in the water, wliich may bo 
an advantage in deep streams, when, by reason of some [Hjculinr circumstance, the greatest velocity 
is below the surface of the current ; but generally their force is greater when a portion of the float 
(in its vertical position) is elevated above the surface, the portion below remaining the same. Their 
width varies from 8 ft. to 16*4 ft. 

Deparcieux, after having made the very important olwervation that water produced its greatest 
effect when acting by its weight (for it was before supposed that it exerted its ^eatest action by 
its impulse), hanng remarked that the water rose ii|¥m the floats, as upon an inclined plane, as 
soon as their edges reached the surface of the current, and that it acted then by its weight, sup- 
posed ho could increase this action by giving the floats a greater inclination. To verify this 
conjecture, ho made a small wheel, 2*85 ft. in diameter, carrying twelve floats 0*72 ft. in height 
by *656 in width, and to which, by means of an inge nious mechanism, he gave such an inclination 
as he deemed best. Tliis wheel raised different weights by means of a cord passed over a pulley 
flxfd above it. It was placixl upon the small river llievre, near Paris, in a place where the velocity 
of the current was 1 * 148 ft., and it there served for many series of cxf^criments. We confine our- 
selves to citing the results of one of them. The arc plunged in the water was 96'^, and the 
weight elevated was 2*85 Ihs, The angle of inclination of the floats referred to the radius drawn 
to their interior edge, is noted in the first column of the subjoined tabulated form ; aud the timo 
of one revolution of the wheel, corresponding to this angle, is in the sc^cond column. Tho angle 
of 30^ was that of tho greatest effect; it increased it in tho ratio of 18 to 39. 
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llossut, with nearly the same apparatus, also mmle a senes of expoHments. one of them, 
the inclination of tho floats Ixjirig successively <r, .W, and 37^, tho effects obtained were found 

in succession to be as the numbers 1000, 1081, 108,3, 1037. Here, also, the angle of 3(P was 
found to bo tho most advantageous, though the increase was much less than in the experiment of 
lieparcieux. 

Even if there should be some exaggeration in tho results given by the last philosopher, it is 
none the less positive that the incliuation of the floats increases the effect of those wheels. Tho 
l)est method of effecting this inclination appears to us to be that already mentioned, p. 1513 aud 
p. 1516, which consists in inclining gradually the cross-piooes which form tho floats. 

Wheels with floats moving in an indefinite water-course having been the object of the first 
theory given u|^n wheels in motion, wo shall now dwell for a while upon this matter. 

Before the eighteenth century, machines had only been considered as in a state of equilibrium. 
Suppose it had been a hydraulic machine ; after having estimated the effort of the current upon it, 
a subject to which Galileo and Descartes had made some coutributioos, they calculated the weight 
which, placed at the extremity of a lover, for example, should put it in equilibrium. If, then, it 
was necessary to move this wei^t, iliey either diminished it, or tho length of the lever, until they 
attained the desired velocity. But to what point should the weight be diminished, or the veloolty 
increased, that is to sav, the velocity of the wheel, compared to the velocity of the onmut, to obtain 
tho great^ effect ? As to this, they wore in complete ignorance. 

Parent, of the Academy of Sciences in Paris, direct^ his attention to this object, and, after 
long researches, remarked that the increase of velocity should have a limit, bt^yond which the 
in place of increasing, would go on decreasing ; and consequently that there was a maximum, the 
knowledge of which would be of great importance in the establlshmont of machines. He so^hl 
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for it, and published the result of his calculations in a memoir, quite remarkable for the period in 
which it was written. After bavins; unfolded some new principles upon the action of gravity, 
upon that of motors, and upon its measurement, he shows tliat in a hydraulic wheel establiahed on 
a current, the effort of the water against the ^oats is only due to the excess of its velocity over 
theirs ; and he makes it proportional to the square of this excess. He furtliermore admits that it 
is equal to the weipfht of a prism which lias for its Imse the part of the float struck by the fluid, 
and for its height the simple height due to the difference of these two velocities, so that we 


have E = 02*455 


(V-tQg 

2.7 


r. In the case of maximum of effect, the variable factor (V — ^ Y 


being differentiated and made equal to zero, gives r = .^V ; that is to say, that for tho greatest ' 
effect, the velocity of the floats should he one-third that of the current. This value of t, substituted iii 

V ^ 

the expression of tho effort, changes it to 02*45 5 J — = J 04 *45 5 A = n, making 62*45 s A = n ; 

thus tho effort will be of the weight of equilibrium 11, employing the expression of Parent. Multi- 
plying tills effort by tho velocity, ^\, which answers to it, we have 62*45 ^5 A V = A ; that is 
to say, that the dynamic effect of such, a wheel will be of the force of the current of the natural 
effect of the current Y in tho words of the author). 

Such is the theory of Parent, regardeil as a groat step made in tho science of mechanics, 
and, in fact, it was tho first. It W'as adopt<‘<l >>y all the savans of Europe, and applied to all 
wheels with floats. Nevertholcas, Ikmla, in Memoiresde TAcademie des Sciences de Paris, 1707, 
showHl that it could not be applied to wheels with floats established in a course ; that liere all 
the particles wliich pass, with a vi locity V, with a W'ction s of fluid running in the course, arrive 
Upon the wheels and impinge against them ; that their number or volume is $ V, and their 

( 62 •455 V \ 

^ J 1 *9404 5 V ; that, in the impulse, they lose V — » of velocity, and consequently 

1 9404 s V (V — i') in quantity of motion ; now*, the quantity of motion lost by a fluid vein against 
a plate mciisurt^s the force or effort of the impulse; thus the effort of the current against tho 
floats will be l*9404sV (V — r). This theory of Borda, for whc^cds contained in a course, is 
universally admitted ; it has been so in tliis article. It seems to us that it is applicable also to 
wheels moving in an indefinite fluid. Here, also, all the particles which pass with a velocity V, 
with a section s of current equal to that of the float, excepting some partial deviations, which wo 
shall hereafter notice, arrive with an impulse; their volume is also sV; and they lose, in the 
collision, a quantity of motion expresscnl by I V (V - t). 

For wheels cstablisbwl uixm an iudetiuitc water-course, as well as for those contained in a 
course, wo have E = n 1 *940! . s V (V — » ) »*. The section will be that of tlie vertical ^Kirtiou of 
the float which plunges in the water, and n will be a ooeflicient comprising the corrections due to 
the deviations of the fluid fillets on their approaching the wheel, to the non-pressure at the back 
of the floats, Ac. 

The exfieriments of Bossut, made upon a small wheel, afford us this coefficient. It was 3*198 ft. 
in diameter; it bad twenty -four floats, 0*442 ft. in breadth, and plunging 0*354 ft. in a current 
having a vehicity of 0 081 ft. By means of a coni, wound round its axle, it was made to raise 
weights, gradually increased, which naturally reduced more and more the velocities. These 
weights and their respective velocities are noted in tho adjoining Table. It may be n marked that 
the passive resistances of the machine arc not comprised in the weight so tliat ;/r represents 
only tlio useful effect, and not the total efl’ect or force impresswl upon the wheel. Con8ei]uently, 
the values of n, calculated by tho formula = n l*9-i04sV (V — r)r, will indicate too small 
cof*fflcients or ratios hetwcon the real and theoretic effect; and the coefficient, which was 0*84 for 
good velocities, would probably have hwo aliout 0*90, if regard had been paid, as it should have 
been, to tho jiassivc resistances. On tho other hand, M. Poncelet, who made observations upon the 
wheels of some boat-mills established u{>on tho Rhine, at Lyons, and who has remarked that the 
theory of Bonla exprc8w?<l the results of experiments better than that of Parent, has only had 0*80 
for the coeflicieut. Taking the mean term 0*85, wo have E = 1 *04935 V (V — c) v. 
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W© give, in tho above Table, the coefficients derived from the formula of Parent. They present 
more variations, especially in the neighbourhood of the nuiximum^ than those of the formula of 
Borda ; which disposes us to favour the latter. Furthermore, his coefficients are less than 1 ; the 
others, on the contrary, nro greater. Now, in machines there are so many causes of 1^ in the 
effect, causes wr hich theory cannot take into account, that usually the results of calculation exceed 
those of exiierimcnt, and consequently the ooeffident of reduction must be a fraction. 

In the experiments above cited, the maximum of eflbet corresponds to the velocity of 2 *341 
•which is to that of V, or to 6*081, ns 0*434 is to 1 ; making, then, e = 0*434 V, the nWe ©xpres* 
Sion of effect becomes 0*4055 V» (in ft. and lbs); let us set it at •iOOsV*, a very simple value of 

5 B 
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the total effect which this wheel can produce. This is equivalent to *4122 PA (considering that 
P = 62-45s V, and h = *01658 V*). We have said (p. 1515) that the effect of wheels with floats, 
placed in a rectilinear course, was but 0*82 PA; that of wheels moving in an indefinite water* 
oourse would be alx)ut a third greater. But how much more considerable is the volume of water 
that has been used ! 

The paddle-wheels which steamboats carry on each of their sides, and which, like oars, produce 
a progressive movement, are also similar to these wheels. Consequently, the theory wiiich wo have 
given can be applied to them. The determination of their effect, however, Injcomes involved with 
a new velocity, that of the boat. Moreover, it requires the determination of two coefficients by 
experiment ; one, relative to the resistance of the l^t ; the second regards the action of the fluid 
upon the wheels. They ore placed in circumstances so different from those of boat-mills, that the 
coefficients determined for the latter cannot serve for the former without verification and some 
modifications. M. Poncelet, it is true, has made some experiments, by means of the dynamometc^r, 
upon the effort exerted by the wheels of a boat made fast in stagnant water ; but these are not 
wheels of a boat in motion, and the experiments do not seem to us to be varied enough. 

Until we have some experiments entirely satisfactory, profiting by those for which we are already 
indebted to the philosopher just named, and applying hero the theory of Parent, which leads to a 
more simple expression, we will give, but provisionally, for the expression of the dynamic effect of 
a steamb^t, and consequently for the expression of the force required to be impressed on it, 

•n42s(\/® + 3) (±VT«y; 

S being the immersed section of midships of the boat, a the surface of that i[)ortion of the paddles 
which is immersed (that of two paddles supposed to bo in a vertical position), V the velocity of 
the fluid, « the absolute velocity of the boat. The upi)er signs re fer to the case where the boat 
ascends, and the lower signs to that where it descends the stream. The expression just given 
shows that the moving force to >>e employed will l>e so much smaller, as the im|H lIed surface* of thf» 
p^dles is greater. But the trouble from large whoeds iq>ou boats causes us to give the*sc |)addle8 
a width but two or three times their height, which is from a third to a fourth of the radius. 

Wheeis xtith Curved Fhxits . — Although undershot whoeda with plane firsts are not impressed 
with over a fourth or a fifth of the motive force applied to them, they have still some advantage's, 
which lead to their frequent use ; their establishment, eve n when well made, is aiteiidtsl with 
small expense, and they may receive quite a grt'at velwity without any notalde Urns of their eff<?ct. 
M. Poncelet has undertaken, with a full preservation of these advantages, to avoid their enormous 
loss of force, and has accomplished his purpose in a most satisfactory manner by substituting curvini 
floats for the plane. He gave a desi'riptton of his important machine in a Memoir (fur which a 
prize was awarded by the Institute in 1825), to which he afterwards made some ad<litionM, and which 
18 in the hands of all engaged upon hydraulic machines; we shall confine oursedves to a succinct 
exposition of the theoretic principle of this wheel, and of the effect of which it is cn{>able. 

Let us 8up|X)9G a wheel with curved floats, and Bty disposed that when a fimt ha.s arrived at tho 
bottom of the wheel, the inferior element of its curvature is horizontal and its supc'rior elements 
vertical. We will at first admit that it is in a state of rest, and that a fluid fillet, aniiuat«*d with 
a velocity V, arrives horizontally upon its inferior element. Continuing to B<lvance, it will rise up 
along the curve ; during its elevation, gravity will by insensible degrees deprive it of its vcdocity V ; 
and it will be entirely lost, conformably to the general laws of the ascent of heavy IsxlicH, when it 
shall have attained the height *0155^ V^: then it will descend; it will r<'join the float if it 
had passed it; it will follow it. pressing again up^m it; gravity, during its descent, will restore 
the velocity of which it had deprived it during tho ascent, and it will quit the float with tho 
velocity V which it possessed on its arrival. 8upj)osc, now, that the wh<*el turns with tho velo- 
city V at its periphery. As soon as the flllct, having always the vcdocity V, attains tho inferior 
element of the lowest float, it will have, relatively to it, the velocity V — r ; it is with this relative 
velocity that it commences advancing and asccmditig upon tho curve* ; it will rise nearly to the 
height *0155 ft. (V — r)^; and after descending, and on quitting the; inferior element, it will 
have then in rclaUon to it tho velocity V — r. But this elemc'iit moves itself with a velocity r in 
a direction exactly opposite ; consequently, the absolute velcK'ity of the fluid at its issue will lie 
V — V — t> = V — 2 r. If 17 = i V, it will be V — V, or zero ; that is Ut say, if the velocity of the 
w'heel is half of that which the fluid had on its arrival, its absolute vekx:ity on quitting too floats 
will be nothing. We have here, then, a motive current which exiicriences ncuther shock nor loss 
of velocity the instant it joins the wheel, and which jiossc^sseM none at the moment of quitting it ; 
it has then expended upon it all its motion and has oommuuicaUri to it all its force ; the two 
conditions for tlie production of the great<>st jKissible effwt, are thus fiilfilliHl in the wh<?el of 
M. Poncelet, such as wo have represenUTil it. Thus, if P is always the weight of the fluid far- 
ms^ by the current in 1", and A| tho height duo to the velocity V, the effect will be expressed 

But what is true for a simple fillet is no longer so for a mass or sheet of water of a certain 
thickness. Its molecules strike the floats, making an angle more or less great with tho elements 
impressed, and m lose both velocity and force. This mass, at the moment of its quitting tho floats, 
no longer moves in a direction exactly opposite to them. Mor(;over, as in all wheels which turn in 
a mill-course, a part of the motive water escApes, without exerting any useful actioou ^ that the 
real effect will no longer be P A, ; it will be but a portion of it. 

M. Poncelet has also determined the amount of this portion, that is te say, the ratio between 
the effect really produced, and the force employed to produce it ; he has deduced it from many 
series of experiments. ' 

He first made use of a small noKKlel of a wheel, having a diameter of 1 *04 ft., and of the form 
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indicated In Fig. 2929; and he made thirteen Beries of observations analogous to those made by 
Smeaton upon a wheel with plane floats, p. 1515. We give in the following Table what relates to 
the determination of the maximum effect in eight of those series. 
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M. Poncelet also opc^rated, on a larger scale, upon a wheel 11*745 ft. in diameter, comprising, 
between two circular plates like those of bucket-wheels, thirty floats 1 *246 ft. high in the direction 
of radius and 2*493 ft. wide. Wc give below the 
result of seven observations, remarking, 1st, that 
it was admitted, after some preliminary experi- 
ments, that the velocity V of the fluid on its 
arrival at the wheel was in the mean equal to 
the velocity due to the head A, and consequently 
that A| = A ; 2nd, that p* represents solely the 
weight really raised by the friction brake, by 
means of which the experiments wore made ; thus 
// V is only the usual cffi*ct ; while, in the preced- 
ing Table, p including the passive resistances p v 
was the dynamical eflVet. 

It will be observed, in these two Tables, that 
the small openings of the gate rendert‘d an effect 
much less than the others. 

From these exiK*rimcDt8 and observations, M. 

Poncelet conclnde.s, 

1st. That the velocity of the wheel w'hich gives 
the maximum of effect is 0*55 of the velocity of 
the current. It may, however, vary from 0*50 to 0 *60 without notable disadvantage. 

2nd. That the dynamic effwt is not l)elow 0 75 P A for small falls with great openings of the 
gate, nor WIow 0’i>5 for small o()entngs and great foils. 

3rd. That this same effect, comiwretl to the entiro force of the motor, or PH, will be 0*60 of it, 
and it may descend to 0*50 in very small o|)ening8. 


Opening of 
the iiato. 

11 

A 

P 

P' 

v 

V i p'v 

V 1 Ph 

p'v 

PH 

ftvt. 


f»*et. 

flH't. 

lbs 

IhH. 

feet 

I 



1 

5*216 

4*691 

61.5 3 

183 

8*00 

0-46 OM 

0-46 


1 

4*002 

2-6.57 

974 8 

•264 

6*79 

0*52 ; 0*70 

0*56 


1 

EBrM 

3-444 

1160 

302 

8*92 

0*60 0-68 

0*56 

•656 


4*986 

4*297 

1182 

352 

8-63 

0*52 0-60 

0*52 



2*657 

1-804 

1157 

227 

7*41 1 

0*69 ! 0*81 

0*55 

•997 


3*969 

3117 

1438 

383 

8*63 1 

0*61 ! 0*74 

0*55 



4-986 

4143 

1784 

1 

476 

1 

9-61 

0*59 j 0*63 

j 0*52 


For the cosesllisnall v prtmenh'd m practice, and for wheels well arranged, writh velocities which 
do not differ considcnibly from 0*55 of that of the current, we shall admit, having regard to the 
passive resistances E = 0-75 P A and E = 0 ’tJO P H. 

We have seen (p. 1515) that, for wheels with plane floats, the numerical coefficients of these 
two expressions of the dynamic effect were but 0*32 and 0 25; so that the effect of wheels with 
curved doats is more than double that of wheels with plane floats. This conclusion, to which 
we have arrived in such a manner as to combine the experiments which have been made on both, 
would lead us, in good constructions, to avoid entirely wheels with plane floats, and to use instead 
those with curved floats. 

We refer here to the Memoirs of M. Poncelet, for the niles to be followcMi in the establishment 
of wheels with curved floats, and wc laiiko hero only a few obscTvations upon their ciiaracteristio 
liart, the floats. 

1st. Their numljcr should l>o double that which we have indicated for wheels with piano 
floats (p 1513). 

Thoir height in the dirootion of the nuUus, or the distance botwoen the exterior and interior 
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ciroumferenoo of the wheel, should always bo more than a fourth of th6 effective fall ; we should 
give it a third in falls of 4*593 ft. ; and one-half in those which are below this. 

8rd. llie inferior element of the curve, which we have seen to make no angle, or nearly none, 
with the exterior circumference, when the shoot of motive water was extremely thin, will m^e one 
of 24®, 30®, and, generally, greater according as the sheet is 
thicker. We give this element its proper direction, and to 
the floats the curve which they should have, by means of ^ 
tlie following draft; from the point A, Fig. 2930, where the ' 
surface of the current B A meets the exterior circumference, 
raise the perpendicular A K, and from the point C, where 
it intersects tlie interior circumference, with C A for radius, 
describe the arc A E ; it will fix the form of the floats. They ^ 
should bo made of narrow planks, unite<l like the staves of , 
a cask, or of single largo plunks curved by fire, or of strong *“ 
iron plates. 7 

4th. A little beyond the vertical diameter of the wheel, ' 
we lower by a sudden step the floor of the tail-race, so that - 
the water may experience no obstacle in issuing from the 
floats ; otherwise, tlie effect would be siibjt'ctod to a con- 
siderable diminution. Thus, M. Poncclot, who, in the last experiment of the preceding Table, had 
p* V = 0*63 PA, with a step of 0*984 ft., had but 0*51 PA, the stc]) being 0*202 ft. 

In a place where the current presents a fall of 5*249 ft., w*o wi.sh to establish a mill for sawing 
timlx‘r, which is to saw' 129*108 sq. ft. per hour; that is, to iiuiko a out 3*2809 ft. wide and 
39*371 ft. in length. The wheel, or prime mover, is to have cnrvcNl floats, and it is roquin^d to 
indicate its dimciibions, as well as the quantity of water neccs.sary to put and keep the mill in 
action. We know that a saw mf>vcd by a force c<|uivnlcnt to a horse-power, will saw, as a mean, 
53*820 sq. ft. of timber in an liour; or, more generally, that the sawing of 10*704 eni ft. is equal 
to a useful eff(?ct of from 325010 to 434154 lbs, ft., according U) the quality of the timber to l>o 
saw'ed. Let us adopt, to prevent mi.seonccption, the last of tlu'w^ two mimbers : the 129*1158 sq. ft. 
to be sawn in an hour, or 3000", will be e<jui valent to a us«‘ful eftect of 1447*1 11>8. ft. a second. 
The resistances of the carriage', and of other parts of the machinery, will absorb lu'arly an equal 
quantity of action: so that tlie dynamic effect to be produced will be 2894*3 lb.s. ft. (= E). 1 '|K)ii 
a fall of 5*249 ft., we will take 0*’4921 ft. for dispositions relating to the mill-c^>urHe, and 0*8937 ft. 
for half the opening of the gate; there will remain, then, for the hc‘nd, but 4*JM532 ft. (= A). 
With these numerical values of E and A, the formula E = 0 75 P A gives P = 884*7 lbs. By tbo 
formula E = 0*00 I* II, we have 1105*8 lbs. We will adopt this la.st vahm, and, making a small 
increase, we will count upon a consiunption of 15*802 cub. ft. TIic head being 4*3(5,32 ft., tlio 
velocity duo to it will be 16*758. For, *95 of this or for tins velocity of the fluid in the course upon 
its arrival at the wheel, wo shall have 15*92 ft. : the wheel will take nearly *55 (►f thi.s : thus tho 
velocity at its periphery will be 8*756 ft. It corre.*<pond8 to the mochaiiisni adopted, to have tho 
wheels make eight turns per minute. Consequently, we give it a <linmeter of 21*3258 ft.; tho 
floats, in number sixty-fdght, will be 1 *968 ft. deep, in the dir(-*ction of the mdius, and their breadth 
l)etween the shrondings 2*296 ft. It may be observc'd, in relation to tbi.s last diincnsion, that tho 
thiclmess of the sheet of W’ater in the coiirso having to bo nearly 0 *5249 ft., it would be pro|)cr to 

give it a width above the wheel of 1 * 9027 ft. ^ Barkkii’s M ill. Barrage. 

Boiler, p. 423. Canal. Damming. H^T)RAruc8. Ovekhhot Water-wheels. Poncelbt’s W'atkr- 

W HEEL. TcRBINE WaTER-WHEEIJJ, UNDERSHOT WaTKR-WHKKLS. 

FLOORING, Fr., Carrehqr, Tahlicr; (»i:r., Fnsshijden ; Ttal., Parimmto ; Span., Piso. 

Floor (^Moreland^ s)^ Fig. 2931. — Richard Moreland and Hon’s nndliod of constructing ihsiritig 
consists in fixing wrought-iron girders at given distances apart on tho walls of buildings, aral then 
placing between them on their lower flanges a number of W’rrniglit-iron Ikjw and string lattico 
girders; and on the upper or curved surface of tlujso laying corrugated iron thrrnighoiit the floor. 
Concrete is then laid on the corrugated iron to the desired form anti thickiu'ss, and sleefH'rs, joists, 
and floor-boards may then be laid on the concrete in the oniinary manner. The ctuling joists are 
notchf'd, or other^^ise fixed on the lower ])art of tho lattice girder, and are lathed and plastered in 
the usual way. 



Long as well as short spans may be constmcterl on this system without thtj intervention of main 
p^irders, as the wrought-iron girders are made of great depth ; they are kept close to lioih firsir- 
boards and ceiling, thereby ensuring great rigidity and strength with little material. Tho angle- 
iixins employed in constnicting this floor l>eing invariably used in one li'iigth throughout, and tho 
rivets securing them to the web being closed by a powerful riveting maohi^ tho girders are thus 
inode very rigid, so that they deflect but littb when Icsided. 
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The air-6paee, which is included between the under-side of the corrngated iron and the ceiling, 
being a non-conductor of sound and also of heat, renders the floor sound-proof and safe under the 
action of fire, either from above or below the flooring. This air-space may ho used for ventilating 
rooms by having suitable apertures provided in the ceiling to connect this spe^e to special flues 
enclosed in the walls of the building. The air-space may also be used for warming purposes, pro- 
vided the ceiling is specially constructed for this purpose. 

The concrete laid on the corrugated iron forms a natural arch, and is prevented from exercising 
much lateral thrust by reason of the bow and string lattice girders with the corrugated iron acting 
us a permanent centring to the arch. 

FLUE. Fb., CameatiXy Tuyaude chemin^e; Geb., Feuerzuy^ Rauchzug ; Ital., C&ndotto dal furm ; 
Span., Conducto de humo, 

A Jiue is an air-passago ; especially one for conveying smoko and flame from a fire. A flue is 
also a vertical division or compartment of a chimney. A steam-boiler flue is a passage surrounded 
by water, for the gaseous products of combustion, in distinction from tubes which hold water, and 
are surr^mnded by fire. Small flues arc called flue-tubes. See Loilek. Chijiney. Ventilation. 

FLUME. Fn., yhV?^, C\tnaUfeclusc ; G Kiu Muldenyennnc ; Ital., Gora ; Span., 

A stream; especially a passage or channel for the water that drives a mill-whecd: or an 
artificial channel of water for gold washing. See Ovebshot Water- wheels. Tukbinb Watek- 

WIlEKLfl. 

FLY-WHEEL. Fb., Volant; Gf.r., Schwunyrad ; Ital., Volanda; Span., Volantc. 

See AL(iKBRAic Signs. Angi lab Motion. Engines, Varieties of 

FOIJHNG AND MEASURING MACHINE. Fb., Machine a plier; Geb., Falzmaschin^; 
Ital., M>o'rhina da pieyare e misurar jMxnno ; Si'AN., Aldqutna de plcgar y ntcdir. 

See MKASEBrNG and Folding. 

FORCE. Fb., Force; Geb., Kr<ifi ; Ital., Forza; Span., Fuerza, 

See Accelebation. Anemometeb. Angulab Motion. Dynamometer. Dynamometer Cab. 
Ginnery. 

FORGE. Fr., Faroe ; Geb., Fssc ; Ital., Fucxna; Span., Frayua. 

A forge IS an estalilishment wliere iron or other metals are wrought by heating and hammering • 
a smithy^ a shop witli its furnace, wlu'ro iron and steel arc heated and wrought . also, the place 
>YluTe iron is reudcrwl mulleable by puddUn/j and shinyltny^ is termed a forge. 

Fig. 21)32 gives the arrangement of a fan-forge employed at Gwyuue and Co.'s Works, Essex 
Street, Stnind. 

This forge, Fig. 21132, is entirely constructed of iron. 



C represents the hearth, in one casting, with the coal, shown on the right-hand side, so as to bo 
within easy reach of the smith. 

H is the 1)01 1 nett, miule of stout sheet iron, which connects immediately to the chimney E. 

F represents one of Gwynno’s improved fan-blowers, which is driven at about 1200 revolutions 
pfT minute, and senila tlio blast through the stand-i>ipe G, in which is the regulating valve; on 
the end of this pipe is the tuyere-iron A, which is fea by cold water from the small tank H, which 
iM <v>nmN*t(^l by thf» pi))e8, as shown, and which keej)8 up a continual circulation. The cold water 
enables the nose of tlio tuyere to last considerably longer than if not used. 

For forging small round short roils, or keys, no tixils are required exwpt the ordinary fire-irons 
and the liaud-luimmor, tongs, and anvil-chisel, in the anvil, shown by Figs. 2933 to 2935. 

Tlio pin should bo forgiMi to the proper diiunetor, and also the ragged piece cut oflf the small 
end, by moans of the anvil-chisel, shown by Fig. 2935, while the work is still attached to the rod 
of steel from which it is made. Afte** having cut arid rounded the small end, it is proper to cut 
the key from the rod of steel, allowing a short piece to be drawu down to make the holder, by 
which to hold it in the lathe. This holder is drawn down by the fuller, and afterwards by the 
hummer. Tlie fuller is first applied to the siiot that marks the required len^h of key ; the fuller 
is then driven in by the to the required diameter of the holder, the bottom fuller 
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bdng in the square hole of the anvil during the hammering process, and the work between the top 
and bottom fullers. During the hammering, the forger rotates the key, in order to make the gap 
of equal or uniform depth ; the lump which remains is then drawn down by the hammers, or by the 
hand-hammer only, if a small pin is being made. If the pin is very small, it is more convenient to 
dmw down the small lump by means of the set-hammer and the hammerman. The set-hammer 
is shown in Fig. 21139; and tixe top and bottom fullers by Pig. 2940 

2933. 2934. 

- — 3 



The double or alternate hammering by forger and hammerman should at first bo gently done, 
to avoid danger to the arm through not holding the work level on the anvil. The hammernmu 
should first ^gin, and strike at the rate of one blow a second ; after a few blows the smith begins, 
and both hammer the work at times, and other times the anvil 

Figs. 2936, 2937, show the top and bottom rounding- tools, for rounding largo keys. Large keys 
may made without rounding-tools by rounding the work with a hand-hammer, and cutting ofi* 
the pin by the anvil-chisel instead of the md-chis(d. Fig. 2938. The rml-cliisel is so nuincid 
because the handle by which the chisel is held is an ash rod or stick, see Fig. 2936. A rcnl-cliiwl 
is thin for cutting hot iron, and thick for cutting cold iron. Fig. 2935 represents the anvil-chisel 
in the square hole of tlie anvil. By placing the stfrel while at a yellow heat u]>ou the edge of tho 
chisel, a small key can be easily cut off by a few blows of a hammer upon tho top of tho work. 

To forge a key with a heud involves more labour than making a straight one. There arc three 
princi|)ai mfkles of proceeding, which include drawing down with the fuller and hammer ; upset- 
ting one end of tlie iron or steel ; and doubling one end of a bar to form the hetul. 

For proceeding bv drawing down, a rcjd or har of steel is required, whose diameter is equal to 
the thicknobS of the bead requmid ; <v>nsequontly, large keys should not be made by drawing down 
unless steam-hammers can be used. Bmall keys should bo drawn to size while attached to the bar 
from which they are made ; the drawing is commenced by the fuller and set-hammer. Iiishmd of 
placing the work upon the bottom fuller in the anvil as shown for forging a key without a iicful, 
thest^ is placed ufxm the face of the anvil, and the top fuller only is used, if the key nsjuired is 
large enougn to need much hammering ; but a very small key can bo drawn down by dispensing 
with the top fuller and placing the bottom fuller in the hole, and placing the work upon tho top, 
and then striking on one side only, instead of rotating the bar or rod by the band. By holding the 
bar or rod in one position, the hc^ is formed upon the under-side of the bar ; and by turning the 
work upside down, and drawing down the lump, the stem is produced. 

The upsetting of iron generally should be aone at tho welding heat, the upsetting of steed, at 
the yellow heat, except in some kinds of good steel, that will allow the welding heat. And lioih 
iron and steel require cooling at the extremity, to prevent tho hammer spreading the end without 
upsetting the portion next to it. If the head of the key is to be large, several heats and c^xdings 
must take place, which renders tho process onlv applicable to small work. A small bar can be 
easily upset by heating to a white heat or welding beat, and cooling a quarter of an inch of the 
end ; tlien immediately put the bar to the ground with the hot portion upwards, the bar leaning 
against the anvil held by the tongs (Fig. 2941). The end Is then npset, and the extremity 
cooled again after being heated for another upsetting, and so on until the required diameter is 
attained. When a number of bars are to be u|»set in this manner, it is necessary to provide an 




FOBGE. 1527 

lion box, into which to place the ends of the bars, instead of upon the soft ground or wood flooring, 
injury to the floor being thereby prevented. 

When the key-head is sufficiently upset, the fuller and set-hammer are necessary to make a 
proper shoulder ; the stem is then drawn four-sided and rounded by the 0 top and bottom tools. 
If the bar from which the key is being made is not large enough to allow being made four-sided^ 
eight sides should be formed, which will tend to close the grain and make a good key. 

2941 . 2942 . 



The third method of making keys with heads is the quickest of the three, particularly for 
making keys by the steam-hammer. By its powerful aid we are able to use a bar of iron an inch 
larger than the required stem, bcK^use it is necessary to have sufficient metal in order to allow 
hammering enough to make it close and hard, and also welding, if seamy. If the bar from which 
it is to be made is too large to V>e easily Imndlcd without the crane, the piece is cut from the bar 
at the first heat. But if the bar is small, it can be held up at any required height by the prop, 
shown in Fig. 2042. While thus supported, the piece to be doubled to make the head is cut tliree- 
quarters <if the distance through the iron, at a proper distance from the extremity. The piece is 
then bent in the direction tending to break it off : the uncut portion being of sufficient thickness 
to prevent it breaking, will allow the two to Iks placed together and welded in that relation. A 
hole may also be punched through the two, while nt a welding heat, as shown by Fig. 2943. The 
hole admits a pin or rivet of iron, which is driven into the opening, and the three welded together. 
This plan is resorted to for producing a strong head to the key without much welding ; but for 
ordinary purjKtscs it is much safer to weld the iron when doubled, without any rivet, if a sufficient 
numlier of licavy blows can bo administered. At the time the head is welded, the shoulder should 
bo tolerably squared by the set-hammer ; and the part next to the shoulder is then fullered to 
about three-quarters of the distance to the diameter of stem required. In large work the fuller 
used for this purpose should be broad, as in Fig. 2944. After the head is welded, and the portion 
next Ui it drawn down by the fuller, the piece of work is cut from the bar or rod, and the head is 
fixed in a pair of tongs similar to Fig. 2945. Such tongs are useful for very small work, and are 

2944 . 




m*ulo of large size for heavv work. Tongs of this character are suited to both angular and circular 
work. They will grip oithor the head or the stem, as shown in the figure. While held by the 
tongs the thick lump of the stem that remains is welded, if necessary. Next draw the stem to its 
pro^r shape, and trim the head to whatever shape is required. 

Bolts , — Bolts are mode in such immense numbers, that a variety of machinery exists for pro- 
ducing small bolts by compression of the iron while not into dies. But the maoninery is not yet 
adapt^ to forge good bolts of largo size, such as are daily required for general engine-making. 
Good bolts of large diameters can now be mode by steam-hammers at a quick rate ; and small bolts 
of good ouality are made in an economical and expeditious manner by means of instruments named 
bolt-hoaaers. Thi^re is a variety of these tools in ttse, and some are valuable to small manufac- 
turers l)ecnuse of being easily made, and incurring but little exTOUse. The use of a bolt-header 
consists in upsetting a portion of a straight piece of iron to form the bolt-head, instead of drawing 
down or reducing a larger piece to form the bolt-stem, which is a much longer process; conse- 
quently, the bolt-header is valuable in proportion to its capability of upsetting bolt-heads of 
various sizes for bolts of different diameters and lengths. 

The simplest kind of heading-tool is held upon the anvil by the left hand of the smith, while 
the piece to^ formed into a head is haipmereu into a recess in the tool, the shape of the intended 


1528 


FOEGE. 


head. Three or four recesses may be drilled into the same tool, to admit throe or four sizes of 
bolt'heads. Such a tool is represented by Fig. 2947. and is made either entirely of steel, or with 
a steel face, in which are bored the recesses of different shapes and sizes. 

2946. 2947. 2948. 

r 

The pieces of iron to be formed into bolts arc named l)olt-pioees. When these pieces are of 
smnll diameter or thickness, they are cut to a projier length while cold by means of a concave anvil- 
chiiw‘1 and stop, or by a large shearing machine. One end of each piece is then slightly tapered 
wliile cold by the hand-hammer, Fig. 2933, or a top-tool. This short bevel or tapor^rtion allows 
the bolt to hie driven in and out of the heacling-tool several times without making sufficient ragged 
^Hlge to stop the bolt in the hole while being driven out. Those ends that are not bevelled are 
then heated to about welding heat, and upset upon the anvil or upon a cast-iron block, on, or level 
with, the ground. This upsetting is continued until the smaller parts or stems will remain at a 
proper distance through the tool ; after which, each head is shaped by being hammered into the 
recess. During the shaping process, the stem of the bolt protrudes through the square hole in 
the anvil, as indicated by Fig. 2947. 

But when a large numl»er of small bolts are required in a short time, a larger kind of heading* 
tool is made use of, which is named bolt-header. One of these. Fig. 2948, is a jointed bolt-header. 
The actual height of these headers depends upon the length of V)f)lts to be made, because the pieces 
of which the bolts arc formed are cut of a suitable length to make the bolts the proper length after 
the heads are upset ; consequently, bolt-headers are made 2 or 3 ft. in height, that they may be 
generally useful. 

The header represented by Fig. 2948 contains a movable block B, upon which rests one end 
of a lx)lt-piece to be upset ; it is therefore necessary to raise or lower tlie block to suit various 
lengths of bolts. 

All bolts, large and small, that arc to be turned in a lathe require the two extremities to lie at 
right auglea to the length of the liolt, to avoid waste of time in centring previous to the turning 
process ; and connect ing-rcKl bolts and main-shaft bolts re<iuire softening, which makes theun less 
liable to break in a sudden manner ; and it is important to remember that hammering a bolt while 
cold wilt make it brittle and nn.safe, although the licit may contain more iron than would Ik> suffi- 
cient if the b<»lt w'cre soft. Great solidity in a lK»lt is only necessary in that portion of it which is 
to be formed into a screw. The bolt is less liabh* to break if all the other parts are fibrous, and the 
lengths of the fibres arc parallel to the Ixilt’s length. But in the screw, more solidity is necessary, 
to prevent breaking off while the Ixilt is being screwed, or while in use. However good the iron 
may be, the Isilt is useless if the screw is unsound ; and it is well to apply a pair of angular-gap 
tools, Fig. 29tJ4, to the Ixilt-cnd while at welding heat. 

Bolts of all kinds, large and small, are injured by the iron being overheated, which makes it 
rotten and hard, and renders it necessary to cut off the burnt fHirtiou.if the bolt is large enough; 
if not, a new one should bo made in place of the burnt one. 

I.^>ng bolts tliat re<juire the lathe process arc carefully straightened. This is conveniently 
effected by means of a strong lathe, which is placed in the smithy for the purpose. I^ng Indti 
arc filso straightened in the smithy by means of a long straight-edge, which is applied to the bolt- 
stem to indicate tlie hollow or concave side of the stem. This concave siilu is tliat which is plac<xl 
next to the anvil-top, and the upptjr side of the bolt is then driven down by applying a curve<i top- 
tool and striking with a sledge-hammer. This mode is only available with bolts not exceeding 2 or 
3 in. diameter and of hmgth c^mvenient for the anvil, because in some coses bolts rwiuire stmight- 
ening or rectifying in two or more places along iho stems. If a Ixdt 6 ft. in length is bent 1 ft. 
from one end, the bent portion is pUmed upon an anvil, while the longer portion is supjiorted by a 
crane, and a top-tool Ls applied to the convex part. The raising of the bolt-end to any required 
heiglit h) effected by rotating a screw which raises a pulley, u{Km which is an endless chain ; the 
work l>cing supjiorUM] by the cbpin, both chain and work are raisetl at one time. It is necessary 
to adjust the work to the proper height while lieing straightened ; if not, the hammering will pro- 
duce but little good effect. Tlie amount of straightening necessary dcticnds ujxm the diameters 
to which the Ixdts are forged, and also upon their near approach to parallelism. A small Ixdi not 
exceeding 1^ in. in diami^ter need not tie forged more than a tenth of an inch larger than tlie 
finished diameter; a Ixilt alxiut 2 in. diameter, only an eighth larger; and for bolts 4 or 5 in. in 
diameter and 4 or 5 ft. in length, a quarter of an inch for turning is sufficient, if the Vxdts are pro- 
perly straightened and in tolerable shape. This straightening and shaping of an ordinary bolt is 
easily accomplished while iiot, by the method just montionoci; other lAraightemng processes, for 
work of more complicated cliaracter, will be given as w'e piYx^eed. 

After the bf>Us are made sufficiently straight by a tof^tool, the softening is effected by a treat- 
ment similar to that adopted for softening steel, which consists in heating the bolts to redness and 
burying them in coke or cinders till cold. A little caro is necessary while heating the Ixilts to 
prevent them being bent by t)ie blast. To avoid this result, the blast is gently a^inisterod and 
the lx>lt frequently rotatexl and movcxl alxxit in the fin^, 

NhU . — ^The simplest meth<x1 of making small nuts is by punching with a small punch that is 
held in the left hand; this punch is (.iti>*'n through a l>ar near one end of it, which is placed upon 
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ft bolster on the anvil, while the other end of the bar is supported by a screw-prop. This mode is 
adapted to a small maker whose means may be very limited. By supporting the bar or nuts in 
this manner, it is possible for a smith to work without a hammerman. A bar of soft iron is pro- 
vided, and the quantity of iron that is required for each nut is marked along the bar by means of 
a pencil, and a chisel is driven into the bar at the pencil-marks while the bar is cold. A punch is 
then driven through while the iron is at a white heat. Each nut is then cut from the bar by an 
anvil-chisel, and afterwards finished separately while on a nut-mandrel. The bar on the bolster is 
shown by Fig. 2952. , 

A more economical method is by punching with a rod-punch, which is driven through by a 
sledge-hammer. By this means several nuts are pimched at one heating of the bar, and also cut 
from the bar at the same heat. A good durable nut is that in which the hole is made at right 
angles to the layers or plates of which the nut is composed. Some kinds of good nut iron are con- 
demned because of these plates, which separate when a punch is driven between them instead of 
through them. By punching through the plates at right angles to the faces of the intended nuts, 
the iron is not opened or separated, and scarfing is avoided. Nuts that have a scarf-end in the 
hole require boring, that the hole may bo rendered fit for screwing; but nuts that are properly 
puiictied may be finished upon a nut-mandrel to a suitable diameter for the screw required. Nuto 
for bolts not exceeding 2^ or 3 in. diameter can be forged with the openings or holes of proper 
diameter fi)r screwing by a tap. The precise diameter is necessary in such cases, and is attained 
by the smith nnishirig each nut upon a nut-mandrel of steel, which is carefully turned to its shape 
and diBm<der by a lathe. The mandrel is taper and curved at the end, to allow the nut to fall 
easily from the mandrel while being driven oft*. Such nut-mandrels become smaller by use, and it 
is wtdl to keep a standard gauge of some kind by«which to measure the nuts after being forged. 
The best kind of nut-mandrel is made of one piece of steel, instead of welding a collar of steel to a 
bar of iron, which is sometimes done. 

One punch and one nut-mandrel arc sufficient for nuts of small dimensions, but large ones 
require drifting after b<iing punched and previous to being placed upon a nut-mandrel. The drift- 
ing is continued until the hole is of the same diameter as the mandrel upon which the nut is to be 
finishiHl. The nut is then plac^jd on, and the hole is adjusted to the mandrei without driving the 
inundrt l into the nut, which would involve a small amount of wear and tear that may be avoided. 
A g(KHl steel nut-mandrel, with careful usage, will continue serviceable, without repair, for several 
thousands of nuts. 

The holes of all nuts require to he at right angles to the two sides named faces ; one of these 
faces is brought into contact and bears ui>on the work while the nut is being fixed ; consequently, 
it is necessary to devote considerable attention to tho forging, that the turning and shaping pro- 
c(‘s.s(*s may be as much as jiossiblc facilitated. If the two faces of the nut are tolerably near to a 
right angle with the hole, and the other sides of the nut parallel to the hole, tho nut may be forged 
much xuiarer to the finished dimensions than if it were roughly made or malformed. 

To rectify a nut whose faces are not perpendicular to the opening, the two prominent comers 
or angh^H are placed Ujx)n an anvil to receive the hammer, as indicate in Fig. 2953. By placing 
A nut wliile at a yellow heat iu this })osition, the two comers are changed to two flats, and the faces 
Ixvomo at the same time pcrjiendicular to the opening ; the nut is then reduced to the dimensions 
d<>8ired. If tho nut is too long, and the sides of it are parallel to the opening, tlie better plan is to 
cut the proiuioeiices from tho two faces by means of a trimming chisel, Fig. 2946, instead of recti- 
fying th<} nut by hammering. Cutting off scrap-pieces while hot with a properly-shaped chisel of 
this kind, is a much quicker process than cutting off in a lathe. 

Small conniH^ting-lxilts, not more than 2 or 3 in. in diameter, are made in an economical manner 
by drawing down the stems by a steam-hammer. Those who have not a steam-hammer will find 
it convenient to make a cxillar to be wielded on a stem, in onier to form a head, as shown by 
Fig. 2949. After btung welded the head may be made circular or hexagonal, as required. The 
t<x)l for shaping hexagonal heads is indicated by Fig. 2951. Such an apparatus may be adapted 
to a numlier of differi^nt sizes by fixing tho sliding part of tho tool at any required place along the 
top of tlio blr)ck, in order to shape heads of several different diameters. The movable or sliding 
block is denoted in the figure by S. 



w,— Fig. 2954 shows a curved-gap tongs, Fig. 2955 a bar-iongs, aud Fig. 2950 a side-grip 

longs. ' 
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The portable forge, Figs. 2957, 2958, contrived by Bchaller, of Vienna, is well suited for milUary 
aervtoe. It consists of a lx)X made of thin iron plates, 19 in. square and 9 in. high when clomd, as 
shown in Fig. 2957. Within this box the bellows, legs, and all the tools, shown in Fig. 2958, are 
enclo^ and can be transported in a very convenient manner. The unpacking and setting up of 



this forge when wanted can be effected in a few minutes, as all the parts are well made and fit 
together with firmness and accuracy, and there is no complexity in the arrangement. Hchaller has 
delivered upwards of 200 of these forges to the Austrian army. This forge has been much 
employed in France and Belgium. 

FORGING, Machikery for. Fr., 3fac/<inc« a forger'; Ger., Maschinen zum Schmieden; Ital., 
Macchim da fucinare ; Span., Maqumiria de forjar. 

Machinery for JTeaty Forging. — William Clay, of Liverpool, has designed machinery, Figs. 2959 
to 2964, well adapted to that class of forging known as heavy forging, the object sought being to 
ensure sound forgings, which it is very difficult to obtain when manufacturing bulky artiobis, the 
thickness of the metal in which greatly and suddenly varies. In manufacturing, for example, 
marine-engine shafts with disc-coupling, the pr>int or junction of the disc with the shaft will 
generally be found when cut to exhibit internal fissurcis, which greatly detract from the strength 
of the shaft. In order to avoid this defect, and to ensure solidity throughout the metal of largo 
forgings, W. Clay proposes, when forming heads, collars, or finnges upon the ends of shafts or rods, 
to employ a homontal hammer of peculiar construction, which is connected with and operated by 
a piston working in a horiEontal steam-cylinder, and thereby materially to reduce the sectional 
thickness of the metal at the line of junction of the head, collar, or flange with the shaft. 

In the aooompan;^ing engraving. Fig. 2959 shows in side tdevatiem the kind of steam-hammer 
which Clay employs in manufacturing heavy forgings; Fig. 2960 is a partial longitudinal section 
of the same ; Fig. 2961 is a transverse section taken at the line 1 2 of Fig. 29<i0, and looking in 
the direction of the arrow ; and Fig. 2962 is a transverse section taken in the same line, but look- 
ing in an opposite dirwtion. A A is the l>ed of the machine foniied in one casting. To one end 
of this bed the steam-cylinder B is lx)lt«jd, and to the other is sc«nred a block C for receiving on its 
fac^ the anvil D. The face of this anvil is shapfd to corresponrl to the form the end of the shaft 
is intended to r^ive by its laU^rul expansion ; and in f»rch‘r to allow of the anvil being changed to 
suit different sizes or kinds of work, it is made to fit into V’“ forme<l cm the face of the bkmk 0. 
The anvil is (J-sha|^d, as shown at Fig. 2962, and the block has a corrosfKmding vertical hollow 
to enable it to reccuvo the heated shaft that is inhmdwl to l>o brought uraler the action of the 
hammer. To facilitate the tuniing of the shaft cm the anvil the bl(K’k C is fltt4*d with antifriction 
rollers ccc which supimrt the shaft when it is pre^sented t<» the hammer. E is the pishm of the 
cylinder B, fitted to a cylindrical trunk K', which carries at its other end the liammer-block. 

Fitted centrally in the face of this block is a conical nicjce (F, which forms tin) striking part of 
the liammer ; its object is to form a cavity in the end of the shaft, and thus by reducing the thick- 
ness of the metal at thiU ywrt to remove the liability of fissures occurring in the forging. H is tho 
slide-valve, the rod A of which extends through the opyiosite ends of the valve-lmx. At its rear 
cncl this rod is formed into a link to receive a cam A„ which is keyed to a emss-Khaft A*. This shaft 
fcwks in bearings on the top of the cylinder B, and it is fitted with a handle, by raising or depressing 
which the attendant is enabled to operate the valve, and thus regulate the auvauce and retrograda 
JDovements of the hammer at pleasuie. 
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To prevent the risk of damage to the machinery from inattention the valve^rod is jointed at its 
front end to tiie arm of a rock-shaft mounted in bracket bearings at the front of the cylinder B, 
and fitted with a pendent arm h* carrying an antifriction bowl. In a line with this bowl on the 
hammer-head is fitted an adjustable stop which as the piston is nearing its back-stroke will 
strike the bowl of the arm h* and rock the shaft h\ This motion of the rock-shaft will, by reason 
of its connection with the valve-rod, cause the valve to advance and cut off the supply of steam to 
the cylinder, while at the same time it will stop the escape of the exhaust steam, and thus provide 
an elastic cushion for the piston to strike agaixist. 

2969. 2962. 



An incidental advantage derivable from making the cylin- 
drical trunk E* of the large diameter indicated in the engrav- 
ing is that it will allow of but a small amount of steam being 
used in the return stroke of the piston, while a powerful pro- 
pelling force may be used for its advance. The nammer-h^Ml 
18 fitted with a pair of V-grt>oved Wheels I, which turn freely 
on a fixed axle that passt^s through the hammer-head. These 
wheels are intended to carry tho weight and facilitote the 
traverse of the hammer, and for this pur|K»s 0 they run upon and between angular rails K 
which <Y)nstitute also tie-rods for connecting the cylinder B and blocks C together, and enabling 
tho mnehino the better to resist the strain to which it is subjected. The lower rails K serve as 
track-rails for the traverse to and fro of tho hammer, and the upper rails assist in steadying the 
whetds on the track-rails. 

In order to form a head or enlargement on a shaft by this machine. Clay first takes a shaft 
forged in any approved manner, and piles the end with pieces of wrought iron, after the manner 
indicated, Fig. 2003, so as to approximate roughly to the shape desired. The pil^ end of the shaft 
is next brought to a welding heat in a furnace and tho pim»s reduetd to a solid mass in tho usual 
way, whereby a sbaft-hcad is obtained like that shown. Fig. 2904. Having thus prepared the shaft- 
forging, instead of finishing it in the ordinary w'ay it is submitted to the action of the forging 
machine we have diwribetl, previously reheating the shaft, if that is retiuired, to enable the 
machine to act (4Tiriently upon it. The heated shaft is placed with its head opposite the hammer- 
head, as bown. Fig. 2900, in the bUwk or rest C, furnished with antifriction rollers o r for facili- 
tating tho turning of tho shaft when retjuirtHl. The head of tire shaft overlies the anvil which 
forms tho faro of tlie block C, and the hammer by reason of its 8ha[)e will, in delivering its blovrs, 
form a oonicul hollow in the hi>ad of tho shaft, and thereby to a eonsiderable extent reduce the 
bulk and e()unlizo tho thickness of the metal at tho centre or the junctiou of the head with tho 
shaft. By turning tho shaft from time to time on its axis as the operation proceeds its head will be 
reduced under tho blows of tho hammer to a regular figure, requiring comparatively little turning 
to finish it This iiKKle of forging thick i>ortious hollow al^ ensures a uioro equable oontraetion of 
the metal when cording than hitherto, and tho formation of fissoresin large forgings of the character 
illustrated will l>e thend>y avoided. To ensure the best practical effect the cooling of the metal, 
when tho forging is completed, is commenced at the centre of the head by the application of a jet 
of water. By tiuis causing the metal to shrink towards the interior instead of the exterior the 
chief difficulty of obtaining sound forgings will be removed. 

Figs. 2905 to 2971 arc given to illustrate the metiuHl and machinery used for the manufacture 
of wrought-lrou railway wheel centres by the stamping process of Arbel, at the Phosnix Iron-works, 
Botticrbara. 

Fig, 29()5 is a front elevation of the stcam-hammor, tho weight of the moving nnrta of which is 
12 to^ The standards are of Memel limber, and arc four in number. The hammer-head ia 
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puidod by four wrought-iron guide-bars, A A, the top ends of wnich are keyed into the cylinder 
base, and the lower ends bolt^ to the cross-timbers 13 B. 

Fig. 2906 is a section of the valves. 

The piston-rod is forged solid with the piston. Fig. 2067 shows the mode of connecting it with 
the hammer-head. 'J’he lower end of the rod is tumeil conically ; and round it is placed the steel 
bush 0, in two parts. The large wrought-iron key is drawn against the end of the rod, to tighten 
the rod into the hammer-head. 

Fig. 2968 is a perspective view of the dies used, the top one being keyed into the hammer-head, 
and the lx)ttom one keyed into the anvil. 

Fig. 2069 is a perspective view of a wheel-centre when stamped, the rim, spokes, and nave being 
rounded ho ns to leave the dies. 

Fig. 2970 shows the method of piling the material for a wheel-centre^ before being placed into 
the furnace. The 8i)oko8 D are placed inside the rim E, with their inner ends enveloped between 
two nave washers F, the washers having indents stam])cd into them to receive the spokes. 

Fig. 2971 shows the tongs used for lifting the material into an ordinary reverberatory furnace. 
When the material is raised to a welding heat it is again gra8j»ed by the tongs, and placed between 
the dies in the hammer, and welded with a few blows of the hammer into one solid piece. The 
iougs are supported on a carriage, which runs on rails from the furnace to the hammer. 

See Anvil. Bkllows. Fuunace. IlANii-TooLS. litoN. Puddling. Suinglinq. Steam- 
Ha him kh. Tin. Welding. 

FOUTJFICATIOX. Fortification i Geb., Befestijungs odcr Festungswerh ; Ital, Fortifica^ 
zionr ; Suan„ Fortificacion, 

Ahnttis^ see p. 4. 

Ihmgu(‘tt <\ — A little raised way or foot-bank running along the inside of a parapet, on which 
the musketeers stand to fire ujwn the enemy in the ditcli or 
in fnuit of it. 

Barbette. — A mound of earth, on which guns are mounted 
to fire over the top of the parapet. 

BiUition . — A iwrt of the main enclosure which projects 
towiinls the exterior, con.sisting of the faces and flunks. 

adjacent bastions are connectcxl i>y the curtain^ which 
joins the flank of one with the adjacent dank of the other. 

The distance between the flanks of a bastion is called the 
gorge. In Fig. 2972, A is the bastion ; o, curtain angle ; 

6, shoulder angle; c, salient angle; a, u, gorge; <i, 6, flank- 
er, d, curtain ; 6, c, face. 

Bermc.~—K narrrrw space, two, three, or more feet wide, 
left at the ff>ot of the exterior slope of the parapet to retain 
earth that may slide down the bank. 

Biockhoitse . — An wUfico or structure of heavy timber or logs for military defence, having its 
sides loop-liolcd for musketry. The sides and ends are sometimes much like a stockade, and the 

top coveriNl with earth, as in Fig. 297il; 

there may also be a ditch round it. 

Bonnet . — A part of a parapet considerably 
elevated to Bcr«H*n the other part and its 
terrt'-piein, usually from an enflla<lc fire, 

Boyau . — A small trench, or branch of a 
trench, leading to a magazine or any par- 
ticular j)oint. They are generally called 
boyans of communimtnm. 

J'reastipork. — A low paTn]>et for defence. 

Bridge-head. — A fortification covering the extremity of a bridge nearest the enemy. 

Brisure. — Any |>art of n rainjiart or p«ra|ict wliich ‘deviates from the general direction. 

f •i;>u7m»crc.~-A work placed in a ditch for its defence by firt» arm8, the defenders being covered 
on the sides and 8om(*times overhead. If on the side only, it is single ; if overhead, it is double. 
The work often serves as a covertHl |>asHagc-wny across the diteli. 

Casm^ite.—A Ixmih-proof chamber, in which cannon may lie placed to bo fired through embra- 
sures ; or capable of being uschI as a magazine, or for quartering 
trno|)«. A, H, Fig. 2974, is a section tliroiigh a casemate ; a gun 
at 13 would fire through the embrasure in the wall; a gun at 0 
would fire en ftarltette^ or over the pampt^t. D is the parapet ; 

Fi tiiQ scarp wall, the outer face (»f which is Uie saap. a 6, i 
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Pieces of timber traversed with wootlen 
, pointed with iron, .5 or tJ ft. long, used to defend a passitge, 
stop a broacsli, or make a rotrencliiucmt to stop cavalry. 

Counterfort. — A buttress, spur, or pillar, serving to support a 
wall or terrace. 

Counter-mine . — A gallery underground, bo constructed as to facilitate the formation of mmes by 
which those of the enemy may be reached and destroyed. 

Counterscarp . — The exterior 8lo})0 of the ditch. 

Covered way . — A secure road of communication all round a fort, outside the ditch, having a 
from which a grazing fire of mnskoiry can l>e brought u{»on the yUwis. 

CnfinaiBere.-^A horizontal outline, which is indented or zigzagged. 

Crwf.-— The top line of a slope. 
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PMti , — ^The volame of earth excavated to form the rmblai. 

Demi^stion . — A half bastion, or that part of a bastion out off by the capital, consisting of one 
face and one front 

Demilune , — A work constructed beyond the main ditch of a fortress, and in front of the curtain, 
between two bastions, intended to defend the curtain ; a raxtelin. 

Embrasure , — An opening in a wall or parapet, through which cannon are pointed and dis- 
charged. 

Enceinte , — The main enclosure ; the wall or rampart which surrounds a place, sometimes com- 
posed of bastions and curtains ; called also My of the place, 

Eneel^y or Envelop . — A mound of earth nosed to cover some weak part of the works. 

Epaulement . — ^A side-work, or work to cover sidewise, made of gabions, fascines, or bags filled 
with earth, or with earth hei^d up. It is used to afford cover from the fire of an enemy, but is 
not arrant for defence by fire. 

The glacis of the counterscarp, or the sloping of the parapet of the covered way 
toward the country ; a clear space between a citadel and the first houses of the town. 

Ftank, — ^That part of a bastion which reaches from the curtain to the face, and defends the 
opposite ffitoe ; any part of a work defending another by a fire along the outside of its parapet. 

Fleche , — ^A field-work, usually at the foot of a glacis, consisting of two faces, forming a salient 
angle pointing outwards from the position taken. 

jVonf.— That portion of the enceinte between the capitals of the adjacent salient angle of the 
polygon fortified ; or it includes this portion, or any other works within or beyond it which arc 
between the two adjacent capitals and connected with it by defensive relations. Bastioned fronts 
a curtain connecting two half bastions. 

Gabion. — A gabion is a hollow cylinder, of wicker-work, Fig. 2975, or strips of sheet iron, resem- 
bling a basket, but having no bottom. It is filled with earth, and serves to shelter 
men from an enemv’s fire. 


Gallery. — Any communication which is covered overhead as well as at the sides. 

(renouiV/m*.— That part of a parapet between the merlons and beneath the solo of 
an embrasure. 

Half -moon. — An outwork, composed of two faces, forming a salient angle, placed 
just in front of the curtain of the main work, and just beyond the main ditch. 

Homwork. — An outwork, composed of tvro demi-bastions, joined by a curtain. It 
is connected with the works in rear by long wings. 




Lunette, — A detached bastion, Fig. 2976. 

Magistral.-— line where the scarp of a permanent fortification, if prolonged, 
would intersect the top of the coping or cordon. It is the master line which regulates 
the form of the work ; called also Magistral hne. 

Palisade. — A strong stake, one end of which is set firmly in the i^und, and the 
other is sharpened ; also, a fence made of palisades, used as a means of defence. 

Parados . — ^A mound of earth thrown up to protect a battery or other outwork from a fire in tho 
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rear. 

Parapet. — A wall or rampart to the breast, or breast high ; especially a wall, rampart, or eieva’ 
tion of earth for covering soldiers from an enemy’s attack from 
the front. 

Postern, — ^A subterraneous passage between the parade and 
the main ditch, or between the ditches of the interior of the 
outworks. 

Rampart. — ^An elevation or mound of earth round a place, 
upon which the parapet is raised. 

Ravelin. — A detached work, with two embankments, which 
make a salient angle. It is raised before the curtain on tho 
counterscarp of a place. In Fig. 2977, A A are bastions ; b 6, 
the curtain; cc, tcnaillcs; d d, capounibre ; e, ravelin; F, re- 
doubt in the ravelin ; g y, covered way ; A A, re-entering places 
of arms; it, redoubts in the same; A A, ditch; 1 1, ditch of 

ravelin: mm m, glacis; exterior side; capital. 2979. M 80 . 

Redan, — A work having two facxss uniting, so as to form a 
salient angle towards the enemy. Bee Figs. 2978 to 2980. 

Redoubt, — An outwork placed within another outwork, as at 
F and i, in Fig. 2977. 

Remblai,— The earth or materials used in marking the emlainkmenis. 

Revetment. — A facing of wood, stone, or any other material, to sustain an cmibankmont when it 
receives a slope steeper than the natural slope. 

Sally-port,— A pewtem gate, or passage uuderground from the inner to tho outer works, to afford 
free egress for troops in a sortie. 

Scarp,— The interior slope of the ditch nearest the parapet. 

Tenaille. — An outwork in the main ditch in front of the curtain between two bastions ; also an 
inverted redan. 

TenaiUon. — A work oonstructed on each side of the ravelins, to increase the strength of tho 
ravelins, procure additional ground beyond the ditch, or cover the shoulders of the buitions. 

Traverse.— A work thrown up to intercept an enfilade, or reverse fire, along any line of work or 
passage exposed to such a fire. 

Zigzag, — ^This term is apnlied tothe principle m which the attack of places is based; and this 
mode of approach had long been in use in a rude way, until perfected by Vauljan. 

Zigtag is not only the proper ooume by which to advance in sieges, but it is the method of oou* 
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neoting the pamllels and places of arms, and finally arriving at tlie close of the attack or breaching 
batteries, and tlie work is usually efiected by sap. 

Sappers could run a zigzag up to the work in two or three 
hours, under tlie protection of musketry fire, and fiually place a 
Quantity of gunpowder for forcing the gate or barrier, or the 
aestruction of a stockade or other slight defence, such as savages 
or insurgent inhabitants throw up on the spur of the moment. 

The following example will show how a zigzag may be 
applied » 

Hupposing it desirable to force a work A, Fig. 2981, an ap- 
proach may be commenced from the hollow B, and a zigzag carried 
up to the entrance D, forming a short line of sap C D, where a 
quantity of powder could be fixed at the point D, which would 
on tlie explosion enable the attacking party to rush from the 
hollow, and, taking advantage of the confusion, carry the work. 

FOUNDATIOK. Fa., Forulation; Geb., Fundament^ Grand- 
iDcrli ; Ital., Fttndamenta ; RrAN., Cmiinito. 

See CoNSTBUCTlON. BRIDGE. DoCKS. RAILWAY EnGIKEEKING. 

Watkk-wokks. 

FOUNDING AND CASTING. Fr.. Action dc fondre, Fonte, 

Ger.« Fnrtnen and Giessen ; Ital., Fondere. 

Fire-proof material and durable crucibles are among the first things that require the founder’s 
careful consideration. 

Fire-proof Material, — The apparatus in which smelting or melting operations are performed is 
constructed of such materials us will not be seriously aflected either by the heat applied or by tho 
cht'inical action of the minerals or metals. Besides these conditions, economy is generally consi- 
dcriid ; but we find, in most instances, that the saving of first expense should be a secondary con- 
sideration where fire-pniof material is in question. The materials used as fire-proof are sandstone^ 
clay slate, shale, talcoso slate, mica slate, granite, gneiss, porphyry, trap, and others, all of which 
are fouml native. Most of the ftre-prcxif material used is clay oi aluminous sand, kaolin, and clay 
slate, which are formed into bricks, slabs, or blocks, so as to suit particular purposes. The artificial 
firt'-proof stone, or brick, dof‘s not generally resist the chemical action of the metallic oxides so well 
as native mnh*riul; it isthcn'fore nm'ssary to use comi>act native rock, where the action of metallic 
oxides is to lx* resisted. Bricks, when well made and of good material, withstand the influence of 
heat very well ; and in all caws where sudden changes of heat are expected, liro-brick must be used 
in prefenmee to any other material. 

Materials which are considered fire-proof must be of such a nature as to resist the effect of heat, 
that f>f the metallic oxides, and the reducing influence of carbon also. Peroxide of iron is proof 
against heat, against most metallic oxides, and also resists silex very well ; but it does not resist 
carljon. When, tho lather substance is present, or even its compound gases, peroxide of iron is 
reduced to pnitoxide, and forms now a strong alkali for any silex or acid which may hap»>en to 
come within its reach. Silex, clay, magnesia, lime, and baryta, ore substances which are melted 
only by a very high heat, about 400(r, which is not required in any smelting operation. It is 
therefore sufficient if the fire-prcxif stones consist chiefly of one of these elements. Their combina- 
tions melt more n^adily than each by itself; but it is sufficient when the maiii body, the bulk of 
the stone, is formed of one of them. 

JSaii^ Firc-ftroof Quito a number of rocks, slate, and shale, serve the purpose of 

rcfrachiry stones. Some of these are so perfwt as not to require more lal^ur than quarrying and 
dressing ; others roust be liroken, and cemented again, in order to answer the purpose. As tho 
refractory chamotcT of stones de|x?nds chiefly on the fusibility of their elements, we select them in 
roost cases simply with reference to this quality; and as alumina, silex, magnesia, or lime, are 
fusible only at a degree of heat which is not often required in smelting operations, it appears to be 
nll-Hiitfieieiit, in ordi*r to secure durability, to select the most convenient form of these articles. 
This, however, i.s not the case. Pure lime is extremely refractory, but readily fusible if any silex 
is brought in contact with it; and ns nil fuel contains silex, tho simple act of'usingcoalor wood in 
a furnac(« built of the best kind of limestono will soon destroy it. In many instances, the presence 
of an excc « of limestone i.s advnntngtxtus in smelting operations, and is freqnently resorted to; in 
these oases, tho inner walls of a furnace) may consist of limestone, because the silicious matter of 
fuel and ore is absorbiHi by the flux, and little injury is done to the walls. Reflections of this 
kind generally decude the selection of rocks for fire-proof material, as we shall show hereafter. 
Native rocks are not often found to ho of similar composition, not even in the same locality, fox 
which reasons the mdcction of llri'-proof stone is an operation which must bedcHsided by actual test. 
It is very well known that the oonqioHiticm of sandstone, clay slate, mica slate, talc slate, gneiss, 
and granite, and also limestone, varies in different localities, and often in the same oompiass of a 
quarry. 

S twhUme. — Whorx sand, fonned by the disintegration of rocky matter, is washed down in streams 
and deposited in the ImmIs of large rivers, or the bottom of lakes and oceans, and when such 
deposits are elevated above wah'r, or become dry land, the fine mrticles of lime, clay, oxide of iron, 
and other substanc^^s, which adhere to the particles of satia, and which more or less fill the 
ereviees or spaces between the grains, become dry, and form in the meantime a chemical oombi- 
nation with the sand. The eonseipienceof this close and intimate contact between tliese substanoes 
of opposite electrical qualities, is the formation of solid rock, m which the isolated grains of quartx 
are held together by a larger or smaller quantity of cement. The distinguishing quality of the 
sandstone for our pur|) 08 e consists in ♦he kind of cement and the quantity of it. If the cement is 
Umo, we cannot expect the sandstone to be very refractory, for not only does silex melt readily with 
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lime, but the stone becomes brittle when exposed to fire. Peroxide of iron may form a good flre- 
pmf stone with silex, provided the amount of iron is not too large, say not more than 5 per cent. 
The red, and often brown sandstone, of the Pennsylvania anttiraoito formation is a fire-proof stone 
of excellent qualities. This stone has been subjected to a slow heat in the earth, wl»ich cemented 
its particles firmly together. The best cement for sand, in tlio formation of sandstone, is silex 
itself, and the resulting rock is for these reasons denominated silioious sandstone, in contra- 
distinction to calcareous, ferruginous, or argillaceous sandstone. Silex is soluble in pure water, 
such as rain-water ; and when such a solution is poured upon a bed of sand, it will penetrate ami 
combine with or dissolve some of the sand ; the cmisetiuence of which is, tiiat the soluble parts are 
retained by the heavy grains, and these cannot bo raovcnl, the soluble silex forming a gelatinous 
cement for the grains of sand. Sandstone formed in this manner is, as a matter of course, very 
refractory, and liable to fracture when heat is suddenly apj)lied. Slowly heated, and not exposetl 
to changes of heat, this stone forms a durable liearthstono in blast-fiirnaces. Stones of this kind 
are frequently found in the bituminous coal region, and used as lienrthstones. In many resjHMjts 
the arenaceous, in which clay forms the cement, is 8uj>erior to the silioious sandstone ; this refers 
particularly to those cases where a change of heat is inevitable. Clay does not form a strong 
cement, and such stones are generally found to be soft in the quarry, but harden on lacing exposed 
to the air or heat. These, however, do not generally resist high heat so well as silicious sandstones, 
and when fluxes come in contact with them when hot, they are soon melted. Sandstones which 
contain spangles of mica, or particles of pyrites, or which are coloured by any metallic oxides, par- 
ticularly protoxides, ar« generally not fire-proof ; still there are instances where such stones* are 
used to advantage. 

In the selection of sandstones for hearthstones we must bo guided chiefly by experience. 
Coarse-grained stone, such as millstone grit, which occurs in the lower strata of the coal regions, is 
generally found to bo of gfwd quality. The ctmrse sandstone, in the higher strata of tlic coal 
fbrmation, is not often adapted to resist a strong heat and the influence of fluxes, because its 
cement is chiefly lime, clay, and iron. In these upper strata, the fine-grained stone afipenrs to bo 
superior to the coarse grit. Transition 8and.stone, or old reil sandstone, is general ly found to 
be durable, particularly those kinds in which grains of white quartz of tlio size of pens, or small 
beans, are visible. Sandstone is peculiarly suitable to servo as a fire-prorjf stone ; it resists heat 
to a higher degree than almost any other stone, .and if compact, it is less attacked by fluxes than 
any other kind of rock; it has, besides, the advantage of being conveniently found, and it is 
easily quarried and cut into such forms as are re<iutr(Hl. 

Sandstones may be tested by acids as to their comf> 08 ition, but the result cannot be depended 
upon, and is of no practical use. The only safe test is that by heat and fluxes. In orrh^r to in- 
vestigate the refractory quality of a rock, a fragment of it is subJecUHl to a gentle beat, which is 
not much higher than that of boiling water, for at least one week, or longer, after which it may l>e 
exposed to a higher heat. The latter is applied in a reverberatory fnnwee, or in a smith’s forgo, 
and should last at least for four or five consecutive hours, the heat being gradually raiscxl to tlie 
highest pitch. The fragment, after being gently cooled and broken, must show a compact 
fracture, not vitrified in any part in the interior; its surface may Iks glazwl, and it should not liavo 
lost much in weight. If, after heating it, the interior of the stone is brittle, jiorous, and friable, or 
if it is vitrified and strongly coloured, it will not resist the influence of 'fluxes, anti it may bo 
oonsulered useless for resisting high tempieratures. Quartz is extremely sen.sitive to changes of 
heat, and in all cases where it is subjected to them, it should not l>e used ; the changes of heat 
causecl by adding fresh fuel it cannot re.'iist. Sand.stonc is therefore useless in air-fumaccs, and in 
all furnaces which are subject to alternate charges of fuel, or draugliis of cold air, such as puddling 
furnaces, the top of blast-furnaces, and all refining and reverberatory furnaces. 

Clay and Cloy-slatc. — This mineral forms extensive rocks, and often whole mountain riogcs; it 
is composed chiefly of silex and clay, but is never free from metallic oxides, and in most instances 
it contains carbon. The latter substances cause it to be fusible at a low beat, and its use as fire- 
proof stone is therefore very limited. 

Slaty Clay is found in the regions of mineral coal; it forms a most valuable substance for the 
manufacture of fire-bricks, which are in fact chiefly composed of this clay; gowl fire-bricks aro 
extensively manufactured of it ; but it is of no use in its raw condition, for it requires a strong firo 
to make it sufficiently compact for adhering together. 8omo modifications of this kind of slate, 
when it contains a large amount silex, and is stratified, assuming the form of shale, aro used as 
fire-proof stone in furnaces, under steam-boilers, reverbemtories, or at the top of blast-funiaces, 
also for in-walls; but there is little mined in its application; fire-bricks aro cheaper in the course 
of time, because they last longer and require less repair. 

C%.— This substance is not often used in its raw state, but chiefly In the form of bricks, and 
as fire-proof mortar. Fire-clay is recognized by its colour, which is white, and is retainwl after 
exposure to a strong fire. Some clays will change their colour into a more or less grey, or red, on 
being calcined ; these ore not generally very refractory. Good clay, when fresh, emits a ^culiail y 
disagreeable odour, an ar^llaceous smell; it also adheres strongly to tho bmgue, when the former 
is dry and the latter moists The smell dej^ds entirely on organic matter, for which clay has 
great affinity ; it emits therefore that peculiar smell, although it is not actually necessary .that 
<^nic matter should be present in the clay ; breathing upon it may impart it. ClaJ mii|^*coiltain 
silex chiefly, and be a good fire-clay; it does not foUow that clay which doss not itdkm tha :^v 
tongue is not a fire-proof clay. The sources of good day are feldspathic rockat^^^^si a^ikess ^layt ' 
are definite compounds of silex, alumina, potassa, lime, magnesia, oxide of ir^ ’ ‘ 

Is not necessary that a good clay should be a definite compound ; m the conti 
the case the more refractory it is Fot these reasons most of the plastic clays i 
or pure quartz previous to forming bricks of them. Clay may be assayed am* ' 
previous to its application, but such an assay is of more Interest to t 



